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SIXTY-SECOND ANNUAL REPORT 
OF THE 


SECRETARY 


OF THE 


State Board of Agriculture 


OF THE 


STATE OF MICHIGAN 


AND 
THIRTY-SIXTH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


FROM 


JULY 1,.1922, TO JUNE 30, 1923 
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BY AUTHORI Bb 


LANSING, MICHIGAN 
1924 


REPORT OF THE SECRETARY. 
OF THE 


STATE BOARD OF AGRICULTURE 


East Lansine, Micu., July 1, 1923. 
To Hon. ALEX. J. GROESBECK, 


Governor of the State of Michigan: 


Sir—lI have the honor to submit to you herewith, as required by law, 
the accompanying report for the fiscal year ending June 30, 1923, with 
supplementary papers. 

Very respectfully, 
HERMAN H. HALLADAY, 
Secretary of the State Board of Agriculture. 
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STATE BOARD OF AGRICULTURE 


Term Expires. 


L. WHITNEY WATKINS, Manchester..... Ist Monday January, 1926. 
Chairman of the Board. 
PASO N WOODMAN, Paw Paw... 2... 26. Ist Monday January, 1924. 
Siren kn hi BRODY ; Bansime :. oi). cs. 0 8 5's Ist Monday January, 1924. 
MRS. DORA STOCKMAN, Lansing........ Ist Monday January, 1926. 
MELVILLE B. McPHERSON, Lowell...... Ist Monday January, 1928. 
Sere tee rca CAO Tal? EVOLLONG sc), Waders 2) < pcos ar dines Ist Monday January, 1928. 
wUa vi PRIDAY, President of the Colleve: vow o)<i2.0.). 2. [x-Officio. 
—DUBERT S. SHAW, B.S. A., Acting President... 0.5 .2.:<% Ex-Officio. 


HERMAN H. HALLADAY, Secretary. 
JACOB SCHEPERS, Treasurer. 


*Resigned June Ist, 1923. 
—Appointed Acting President June 1, 1923. 
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GENERAL ADMINISTRATIVE OFFICERS 


OFFICE OF THE 
*Davip Fripay, President. 
Ropert Sipry SuHaw, Acting President. 


PRESIDENT. 


OFFICE OF THE SECRETARY. 


Herman H. Havvapay, Secretary. 
Jacop ScHepers, Treasurer. 


Nevin Campseti, Assistant Cashier and Bookkeeper. 
Witiarp NichoLas Swepney, Purchasing Agent. 
*“Maupe Apete Merrcu, Chief Clerk. 


OFFICE OF RNGISTRAR. 
Evipa YAKELBY, Registrar. 
ANNA Louise Ferrin, Assistant Registrar. 


DIVISION OF AGRICULTURE. 


Ropert Smpry SuHaw, B.S. A., D. Agr. Dean; Director of Experiment 
Station. 


IXuTron Brarnarp Hii, B. 8., M. Agr. Assistant to Dean and Director; 
Director of Short Courses. 
DIVISION OF ENGINEERING. 


GeEORGE WELTON Brssevu, M. E., Dean. 


DIVISION OF HOME ECONOMICS. 


Louise Haraway Camrpsetn, B. S., Acting Dean of Home Economics. 
Maupe CusHMAN THOMPSON, Social Director. 


DIVISION OF VETERINARY MEDICINE. 


FRANK |WILBUT CHAMBERLAIN, B. S., D. V. M., Acting Dean of Veterinary 
Medicine. 


DIVISION OF APPLIED SCIENCE, 


FRANK Stewart Kepzin, D. Se., Dean. 


1Appointed June 1, 1923. 
2Resigned May 18, 1923. 
sResigned June 1, 1923. 
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DIVISION OF EXTENSION, 


Rosert JAMES BatpwIn, B. S., Director. 
Kart H. McDonet, B. S., Assistant to Director. 


SUMMER SESSION. 


Epwarp HitpretH Ryper, M. A., M. Ped., Director. 


LIBRARY, 


Linpa Eouine LANpon, Librarian. 

Cora LucinpA FrepKamr, B. S., Reference Librarian. 
RutuH Rocers McKIntey, B. 8., Library Assistant. 
LeRoy C. StecemMan, Library Assistant. 


M. A. C.. ASSOCIATION. 


Ropert JOHN McCarruy, B. S., Secretary; Alumni Recorder. 


OFFICERS OF INSTRUCTION 


Davin Fripay, A. B. President. 
‘RoperT Stipey SuHAw, Acting President. 


DEANS, 


*Ropvert Sipry Suaw, B.S. A., D. Agr.; Acting President; Dean of Agri- 
culture; Director of Experiment Station. 

GroRGE WELTON Br sELL, M. I., Dean of Engineering. 

FraNK WILBUT CHAMBERLAIN, B. S., D. V. M., Acting Dean of Veterinary 
Medicine. 

Lourse Haruway Campsecy, B. 8., Acting Dean of Home Economics. 

Frank Stewart Kepzir, D. Sec., Dean of Applied Science. 


PROFESSORS. 


WiLuiAM JAMES Brat, Ph. D., D. Sc., D. Agr., Professor of Botany, 
Jmeritus. 

Herman Kiock Vepper, C. E., Professor of Civil Engineering. 

*Wavrer Braprorp Barrows, 8. B., Professor of Zoology and Physiology ; 
Curator of General Museum. 

ArTHur RopNrey Sawyer, B. 8., E. E., Professor of Electrical Engineer- 
ing. 

Witecr Our Heprick, Ph. D., Professor of Economics. 

Rurus Hiram Pertit, B. S., in Agr., Professor of Entomology. 

Water Hiram Frencu, M. Ped., M. S., Professor of Agricultural Edu- 
cation; Director of Vocational Teacher Training. 

JRNEST ATHEARN Bessey, Ph. D., Professor of Botany. 

WititramM Water Jounsron, A. M., Professor of English Literature and 
Modern Languages. 

Lours CLarK PuAant, M. S., Professor of Mathematics. 

Merris Mickey Mc Coon, Ph. D., Professor of Soils. 

ALFRED KNIGHT CHITTENDEN, M. F., Professor of Forestry. 

Warp Givtrner, D. V. M., M. 8S., Professor of Bacteriology and Hygiene. 

Epwarp HintpretH Ryper, M. A., M. Ped., Professor of History and 
Political Science; Secretary of the Faculty; Director of Summer Ses- 
sion. 

Rorert Kent Stewarp, B. 8., C. E., Professor of Drawing and Design. 

ARTHUR JOHN CrarK, A. B., Professor of Chemistry. 

CHARLES WILLIS CHAPMAN, A. .B,, B. S., Professor of Physics. 

CHARLES Parker HauuicaNn, B. 8., Professor of Landscape Gardening. 

Grorce ArTHUR Brown, B. 8., Professor.of Animal Husbandry... - | 

Harry Hayes MusseuMan, B. S., Professor of Farm Mechanics. | 

*Died February 26, 1923. 
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JOSEPH FRANK Cox, B. S8., Professor of Farm Crops. 

Henry Bernuarp Dirks, B. S., M. E., Professor of Mechanical Engines 
ing. 

JOHN SrepertT TAyLor, Director of Music. 

Ovuin Ezexiet Reep, M. 8., Professor of Dairy Husbandry. 

Victor Ray GARDNER, M. S., Professor of Bicntalnine 

‘ALBERT Mivron Barron, B.S., Acting Director of Physical Education. 

Lr. CoLoneL THomMAS LILLY SHERBURNE, B. S., Commandant, Military 
Department. 


ASSOCIATE PROFESSORS. 


RicHArp DEZEEUW, Ph. D., Associate Professor of Botany. 

RautpeH CHASE Huston, Ph. D., Associate Professor of Chemistry. 

Exam Tanpy Hautman, D. V. M., Associate Professor of Animal Path- 
ology. 

CHace NewMan, Associate Professor of Drawing and Design. 

Lioyp CupmMent Emmons, A. M., Associate Professor of Mathematics. 

JOHN Peter Hutrron, D. V. M., Associate Professor of Surgery and 
Medicine. 

LAwreENCcE NortH Firxtp, B. M. E., Associate Professor of Drawing and 
Design. 

GEORGE Herpert Coons, Ph. D., Associate Professor of Botany. 

Eesert Sytvester Kina, B. L., Associate Professor of Public Speaking. 

JHARLES Scorr Dunrorp, M. A., Associate Professor of Economics. 

Merton Maine Cory, E. E., Associate Professor of Electrical Engineer- 
ing 

CHARLES ErNest Miuuar, Ph. D., Associate Professor of Soils. 

Wiuu1amM Earut Laycock, A. B., Associate Professor of Chemistry. 

Harry Serra Reep, B. S., Associate Professor of Chemistry. 

BENJAMIN Brokaw Rosrsoom, B. S8., Associate Professor of Physiology. 

Bruce Epwin Hartsvucn, A. B., Associate Professor of Chemistry. 

"Oz1as Tatcorr Goopwin, B. 8., Associate Professor of Dairy Manufac- 
tures. 

WINIFRED SaraAH Gerrpemy, Associate Professor of Home Economics. 

ALLEN CLirTon Concer, B. S., M. A., Associate Professor of Zoology. 

Eviszan Lynn Grover, B. S., Associate Professor of Agricultural Edu- 
cation. 

FREDERICK WILLIAM F asian, B. 8., Associate Professor of Bacteriology 
and Hygiene. 

ARNOLD GrorGE ScHrELE, A. M., Associate Professor of Drawing and 
Design. 

JoHN Eric Burnett, B. S., M. Agr., Associate Professor of Dairy Hus- 
bandry. 

AnNA Eviza BayHa, B. A., Associate Professor of Home Economics. 

CHESTER LAWRENCE ALLEN, M. A., C. E., Associate Professor of Civil 
Engineering. 

LEROY Stewart Fou Tz, M. E., Associate Professor of Electrical Engi- 
neering. 

Roy Epcar MarSHALL, M. S., Associate Professor of Pomology. 

HENRIK JOAKIM sed B. 8., D. V. M., Associate Professor of Bac- 
teriology. 
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Guy GREENE Sprerker, A. M., Associate Professor of Mathematics. 

Srantey Epwin Crowe, A. B., Associate Professor of Mathematics. 

Frank Azor Spraae, M. 8., Associate Professor of Farm Crops. 

JouHN TRUMAN Horner, M. A., Associate Professor of Economics. 

OrEN LEONE Snow, B. 8., Associate Professor of Physics. 

Lota Grace Yerkes, B. 8., Associate Professor of Home Economics. 

Henry TowNseNpD DaruineTron, M. S8., Associate Professor of Botany. 

Ernest Cuirrorp Foreman, B. 8S. A., Associate Professor of Poultry Hus- 
bandry. 

Rurus Percivaut Hisparp, Ph. D., Associate Professor of Botany. 

*Eruet Guapys Wesp, B. 8., Associate Professor of Home Economics. 

Pauu Sranuey Lucas, B. S., Associate Professor of Dairy Manufactures. 

JoHN W. Scorr, M. A., Associate Professor of Hconomics. 

Frepertck CHARLES Braprorp, M. 8., Associate Professor of Horticulture. 


ASSISTANT PROFESSORS. 


Ren Georce Saxton, ©. E., Assistant Professor of Civil Engineering. 

THoMAS Gunson, Assistant Professor of Horticulture. 

CLAupr MarsHau Cann, C. E., Assistant Professor of Civil Engineering. 

Water Epwarp Reuuine, B. 8S. in M. E., Assistant Professor of Me- 
chanical Engineering. 

DwicHt TarBeLL Ewina, Ph. D., Assistant Professor of Chemistry. 

Epwarp Frep Woopcock, Ph. D., Assistant Professor of Botany. 

JOHN WHITE Srewarp, B. M. E., Assistant Professor of Drawing and 
Design. 

Howarp Ecker JoHNsON, D. V. M., Assistant Professor of Compara- 
tive Anatomy. 

Rosert Eart Loren, B. 8., Assistant Professor of Horticulture. 

Cuiive Raymonp Mercer, B. S., A. M., Assistant Professor of Farm Crops. 

Russett AucGeR RuNNELLS, D. V. M., Assistant Professor of Animal 
Pathology. 

Norma L. Gricurist Rosesoom, A. B., Assistant Professor of English. 

Mary Henpreicr, B. A., Assistant Professor of History. 

Eueenta Inez McDanirt, A. B., Assistant Professor of Entomology. 

WarrREN WayLaANnp Hircucock, B. 8., Assistant Professor of Civil Engi- 
neering. 

Louise IsaBeL CLEMENS, B. S., Assistant Professor of Home Economics. 

Burt Kennepy Pure, C. E., Assistant Professor of Civil Engineering. 

Henry Lantz Pustow, B. 8., Chem. E., Assistant Professor of Chemistry. 

GopFREY LEONARD ALVIN RueHLe, M. S., Assistant Professor of Bacter- 
iology. 

Leo Crecit Hucues, A. M., Assistant Professor of French. 

Perry SaLemM Brunpace, B. S., Assistant Professor of Chemistry. 

Ray Bennerr Weaver, A. M., Assistant Professor of English. 

OmeR Marie Leper, Ph. B., Assistant Professor of French. 

Osre Huaues, A. B., Assistant Professor of Home Economics. 

EpWINn Morrison, M. S8., Assistant Professor of Physics. 

Watiace LARKIN CHANDLER, Ph. D., Professor of Entomology. 

Ouiver A. Taytor, D. V. M., Assistant Professor of Anatomy. 

Epmunp Custer SAuve, B. 8., Assistant Professor of Farm Mechanics. 

VERNON Guy Grove, M. A., Assistant Professor of Mathematics. 
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Epwarp Karns Saues, D. V. M., Assistant Professor of Surgery and 
Medicine. 

Captain Joseru Jesse Terer, Assistant Professor of Military Science. 

CaroLINe Louise Hort, Assistant Professor of Drawing. and Design. 

Wittiam Epwarp Jupson Epwarps, B. S. A., Assistant Professor of 
Animal Husbandry. 

Barty Henry Stewart, B. S., in M. E.; Assistant Professor of Drawing 
and Design. 

LAWRENCE Crirrorp WHEETING, M. S., Assistant Professor of Soils. 

Water LeRoy MauumMan, B. 8., Assistant Professor of Bacteriology. 

Grorce CLARENCE WricHt, B. 8. in M. E., Assistant Professor of Me- 
chanical Engineering. 

Fioyp Earn Focur, B. S., Assistant Professor of Farm Mechanics. 

CLaupE LaMar Brattin, B. M. E., Assistant Professor of Drawing and 
Design. 

Newton Lyman Parrrincr, Ph. D., Assistant Professor of Horticulture. 

4Bertua HMoGeNr TuHomeson, M. A., Assistant Professor of Botany. 

CHaries Dopson Ban, B. S8., Assistant Professor of Chemistry 

Apert Henry Newson, A. M., Assistant Professor of English. 

JOSEPHINE ReENA Foci, B. S., Assistant Professor of Home Economics 
‘ducation. 

Caprain WILLIAM Curtis Cuase, A. B., Assistant Professor of Military 
Science. 

CHARLES Evans CormMany, M. S., in Agr., Assistant Professor of Farm 
Crops. 

Grosvenor W. Purnam, M. 8., Assistant Professor of Farm Crops. 

Emma PAvLine Garrison, B. S8., Assistant Professor of Home Economics 
and Home Economics Education. 

Caprain GAILLARD PINCKNEY, Assistant Professor of Military Science. 

Pavut M. Harmer, Ph. D., Assistant Professor of Soils. 

Grorce Witiram Horrs, B. 8., Assistant Professor of Mechanical Engi- 
neering. 

Branson A. Watrotr, B. S., Assistant Professor of Agricultural Eduea- 
tion. 

Lyman L. Frimonpic, B. S., Assistant Director of Physical Education. 

Caprain Harrison Bruce Beavers, Assistant Professor of Military 
Science. 

Ropert MIFFLIN pe Ph. D., Assistant Professor of Bacteriology. 

Rosert L. Tween, M. S8., Assistant Pp rOeCeson of Bacteriology. 

CAPTAIN WEBSTER mene Warren, A. B., Assistant Professor of Mili. 
tary Science. 

YapTaAIN LAwreNce Byron Wyant, Assistant Professor of Military 
Science. 

Marin Dyn, Ph. D., Assistant Professor of Home Economics. 

Roya Srrwarr Sreiner, A. M., Assistant Professor of Economics. 

JoHN Contry DeCanr, B. S8., Assistant Professor of Forestry. 

*Wattrrer RuskKIN Stark, A. B., Assistant Professor of Economics. 


INSTRUCTORS. 


Drewry Atsporr Seetry, M. 8., Instructor in Meteorology. 
Louis BrawLey Mayne, A. B., Instructor in English. 
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JoserpH WILLIAM Srack, M. S8., Instructor in Zoology. 
Sranarp Gustar Beraquist, A. B., Instructor in Geology. 
Howarp Davin Ligutrropy, M. S., Instructor in Chemistry. 
*Harry Curtis Younc, M. 8., Instructor in Botany. 

ANDREW Perer Krenter, Instructor in Mechanical Engineering. 
GeEorRGE J. PostHuMvs, Instructor in Mechanical Engineering. 
He_en Desoratt Grimes, Instructor in Physical Education. 
Kpwarp FRANKLIN Evprincr, B. S8., Instructor in Chemistry. 
Justus Ristne, M. E., Instructor in Drawing and Design. 
Jacos Austin Hicuer, Instructor in Mechanical Engineering. 
[upon EvGenr Down, B.S., Instructor in Farm Crops. 


Oscar WILLIAM Farrnanks, B. S8., Instructor in Drawing and Design. 


Davin THomas Miciarp, Instructor in Mechanical Engineering. 
Water Lestir Warr, Instructor in Mechanical Engineering. 
Russet. Hiram Kerry, B. S8., Instructor in Apiculture. 
Raymonp Leroy Baxter, B. S., Instructor in Chemistry. 


FLetcHer Amos Goutp, Bb. S.. Instructor in Civil Engineering. 


Epwarp Evererr Kinney, B. S8., Instructor in Electrical Engineering. 


> 


Haroitp Matcoum Kress, B. S., Instructor in Chemistry. 

Witrrep Cart Lewis, A. M., Instructor in Chemistry. 

Ciierorp Neat Rrx, Instructor in Mechanical Engineering. 

JAMES Earu Rospertrson, B. S., Instructor in Mathematies. 

Wiceur Herman Tues, B. S., Instructor in Physies. 

JouN GrEORGE HerrinstaLyi, Instructor in Physical Education. 

JamMeES Hueu Dever, Instructor in Physical Education. 

Louris Gustave GENTNER, M. S., Instructor in Entomology. 

J. Roperr Duncan, Instructor in Farm Crops. 

Bert Sanester, Instructor in Mechanical Engineering. 

°GrorRGH Frarson Davis, B. S., Instructor in Poultry Husbandry. 

“IrmA Hanna Gross, B. 8., Instructor in Home Economies. 

Rautru EuMer Hammonp, Instructor in Farm Mechanics. 

Rairy Craig Hurrer, A. M., Instructor in Mathematics. 

Parricira MacDonatp, Instructor in Voice. 

JAMES WaLKER MILNE, A. B., Instructor in Public Speaking. 

EpitH Buruier, Instructor in Drawing. 

JosErH Fo.iry, Ist Sergt. U. S. A., Instructor in Military Science. 

Sytvia [IRENE Boreman, B. S., Instructor in Home Economics. 

Harrier Youne Corvin, Instructor in Home Economics; in charge 
Flower Pot Tea Room. 

RutH Mary Cowan, M. S8., Instructor in Home Economies. 

FLorRENCE ADELE KrepM an, B. S., Instructor in Home Economies. 

RacHEL Harriet Tausot, M. A., Instructor in Home Eeconomics. 
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JAMES Henry ATCHISON, Sergt. U. S. A., Instructor in Military Science. 


Rutru Harrier Wiison, Ph. B., Instructor in Home Keonomiecs. 
3 JOSEPHINE Horrartru, Pu. B., Instructor in Home [conomies. 


GrorGE ARNOLD German, Instructor in Farm Mechanics; Field Foreman 


in Farm Crops. 
Herman JoserpH GALLAGHer, B.S., Instructor in Farm Mechanics. 
Frep THOMAS Rippetu, B. S., Instructor in Farm Management. 
Lewis W. Green, Seret. U. S. A., Instructor in Military Science. 
S 


JoHN Hersert Harman, B. S8., Instructor in Entomology. 
Ray Netson Haske rt, B. 8., Instructor in Mathematics. 
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JAMES Mayserry Haru, A. B., Instructor in Mathematies. 
JEREMIAH MEsKILL, Sergt. U. 8. A., Instructor in Military Science. 
ORVILLE Bryan Price, B. S., A. M., Instructor in Soils. 

Lesiig ALyA KeENoyer, Ph. D., Instructor in Botany. 

WILLIAM EARL WorKMAN, Sergt. U.S. A., Instructor in Military Science. 
CHARLES Patrick Ritey, Sergt. U. 8S. A., Instructor in Military Science. 
ArTHuR McKercuer, V. S., Instructor in Ambulatory Clinic. 
Grorce WesLtey WuirTine, A. M., Instructor in English. 

CHESTER FERDINAND KuHN, A. B., Instructor in English. 

Oscar CarciLL, B. S., Instructor in English. 

CLARENCE Paut Horson, M. A., Instructor in English. 

Ernest Paut Lewis, M. 8., Instructor in Horticulture. 

Frep MircHett Waker, Ph. B., Instructor in Physical Education. 
LEON DUANE BurHAns, Instructor in Physical Education. 

Ricuarp H. Raucu, B. S., Instructor in Physical Education. 
BLANCHE ROSAMOND VAUGHAN, Instructor in Physical Education. 
Grace Maria Kerersr, B. 8., Instructor in Physical Education. 

PauL ANTHONY Herpert, M. F., Instructor in Forestry. 

Marion LOUISE GRETTENBERGER, B. S8., Instructor in Chemistry. 
GERTRUDE LiLoyp CxiarK, Instructor in Piano. 

Deuia H. Bemis, Instructor in Violin. 

*NrELS Peterson, M. A., Instructor in Zoology. 


S. ExisaperH Morrison, A. B., Assistant in Physics. 

*HarL Lee Hemenway, A. B., Assistant in Economics. 

Husert McCuure Brown, B. S., Assistant in Farm Crops. 
“FRED Harvey Knox, B. 8., Assistant in Farm Crops. 

DorotHy MartHa YAKELEY, B. S., Assistant in Bacteriology. 
RateH Cie0on THomas, B. 8., Assistant in Bacteriology. 

DanieEL Enwarp Hastey, B. 8., Assistant in Bacteriology. 
Dayton Ray Yoprr, A. B., Assistant in Soils. 

WILLIAM JAMES SWEETMAN, B.S., Assistant in Dairy Husbandry. . 
RussELL RAwson Pater, B. 8., Assistant in Dairy Husbandry. 
Roy James Werpon, B. S., Assistant in Dairy Husbandry. 
Rep Lercester Rayner, B. S., Assistant in Electrical Engineering. 
CuareE F, Joey, B. S., Assistant in Entomology. 

WiLiiAM RaLeH WILson, B. S., Assistant in Chemistry. 

GLADYS Kipper WaARDWELL, B. S., Assistant in Chemistry. 
Henry RicHarp ApAms, B. 8., Assistant in Soils. 

*CarL Curt Detuuorr, B. S., Assistant in Soils. 

Dewey Stewart, B. S., Assistant in Botany. 

DELBERT Swartz, B. S., Assistant in Botany. 

MirIAM CLARK CARPENTER, B. S., Assistant in Botany. 

JoHN Rurus Coz, B. S., Assistant in Botany. 

PauuL Ropert Mixuer, B. S., Assistant in Farm Crops. 
Witu1AM Horace Hostrerman, B. S., Assistant in Farm Crops. 
BriTTaIn BrRAGuNIER Ropinson, B. S., Assistant in Farm Crops. 
*RutH SuLLIvAN Row .anp, B. 8., Assistant in Education. 
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Cart Guy Carp, Director of Guidance School; Instructor in Vocational 
School. 

Myrrie Macurre, Instructor in Vocational School. 

GeorGE ALBERT TROLLOPE, Instructor in Vocational School. 

J. Conrap Kremer, Instructor in Vocational School. 

Wiuwiam A. LurHer Witirarp, Instructor in Vocational School. 


JAMES Bioop HasseLMAN, A. B., Supervisor of Publications. 

Epwyn Aurrep Bown, College Architect. 

Lory FRANCIS Newer, Operating Engineer. 

ALEXANDER Boruanp, M. D., Director of Health Service. 

RaveH STOLL Hupson, B. S., Superintendent of Farm. 

EumMer Bruce Hint, B. S., Superintendent of Official Testing. 

RateH M. Harrorp, College Photographer. 

®‘PrRANcES Murpock, In Charge of Maude Gilchrist House. 

Nancy L. Easrman, In Charge of College Residence. 

Peart WEAMER, In charge of Katherine Friday House. 

HELEN Dow, In charge of Waterbury House. 

VINNIE Baker, In Charge of Abbot Hall. 

Ipa R. REASoNER, Matron, Woman’s Building. 

Epwarp CHauncrey Crawrorp, Laboratory Engineer, R. E. Olds Hall of 
Engineering. 

MARGUERITE BARKER, R. N., Nurse. 

Eart A. Hartow, Storekeeper. 

WituiamM Wise, Foreman of Poultry Plant. 

Jressp J. Henpryx, Foreman Forest Nursery. 

ALORENCE K. MippauaH, Ph. B., Assistant to the President. 

“Bart L. Hemmenway, A. B., Assistant in Economics. 


SPECIAL SHORT COURSE INSTRUCTORS. 


Exton Brainarp Hit, B. S., M. Agr., Director. 

AsHuey Moses Berrines, B. 8., M. Agr., Assistant Director. 
Bert A. Powerit, Farm Mechanics. 

Rosert Macxkiz, Animal Husbandry 

LAWRENCE J. Kurtz, B. S., Farm Crops. 

Dean Kewiey, Business Law. 

Herman C. Jorpan, Cheesemaking. 

Howarp MitcHeLtt WELLS, B. S., Horticulture. 


2Appointed Acting President June 1, 1923. 
3Appointed January 1, 1923. 
4Absent on leave. 

5Appointed April 1. 

®Resigned March 1. 

7Absent on leave, spring term. 
8Appointed February 1. 
®Resigned May 1, 1923. 
10Resigned April 1. 

11Resigned May 10. 
12Resigned June 1, 1923. 
13Resigned July 1, 1923. 
1sResigned May 1, 1923. 
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Advisory and Assistant Staff. 


ANDREW J. PAarren, B. S., Chemist. 

GrorGE J. Bouyoucos, Ph. D., Research Professor of Soils. 

CHARLES 8. Roprnson, Ph. D., Research Associate in Chemistry. 

Orrin B. Winter, B. A., Research Associate in Chemistry. 

Lesiig H. Coo.tener, M. A., Research Associate in Bacteriology. 

I. Forest Huppieson, M. S8., Research Associate in Bacteriology. 

GrorGE M. GraAnTtHAM B.S. (one-half time, balance Extension), Research 
Associate in Soils. 

CHARLES H. Srurway, B.S. in Agr., Research Associate in Soils. 

Ray Newson, B.S8., Research Associate in Plant Pathology. 

Water C. Durron, B. S., Research Associate in Horticulture. 

Roserr M. Sxyper, Ph. D., Research Assistant in Bacteriology. 

JouHn E. Korina, M. '8., Research Assistant in Plant Pathology. 

CarRLyLeE W. Bennett, M. S., Research Assistant in Plant Pathology. 

H. R. Perricrove, B. S., Research Assistant in Farm Crops. (Upper 
Peninsula. 

JmtHRO O. VeatrcH, A. B., Research Assistant in Soils. 

Howarp M. Wetts, B. 8S., Research Assistant in Horticulture. 

JAMES Tyson, Research Assisant in Soils. ; 

Kiroy J. Miruer, M. S., Assistant in Chemistry. 

Duane Rainey, B.S. (one-third time only, balance Extension) Assistant 
in Farm Crops. 

H. Donatp Hoorman, B.S., Superintendent of Graham Horticultural Ex- 
periment Station. 

D. L. MeMinian, Superintendent of Upper Peninsula Experiment Station. 

Myra V. Bocun, Bulletin Clerk. 

A. W. Lower, B. S., Assistant in Chemistry. 

C. F. Hurrman, M. 8., Assistant in Dairy Husbandry. 

FRANK TruLL, B. S.;. Assistant in Soils. 

A. G. WrEIDPMANN, B. S., Assistant in Soils, 


AGRICULTURAL EXPERIMENT STATION 
OF THE 
MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture. ) 


STATION COUNCIL. 


Robert Sidey Shaw, D. Agr........... Director 

Tunas; ire (Pettit; Be So. Wacaik'.2. oo Entomologist 
Andrew ,Parvis: Patten, -BoS8. 53.630. % Chemist 

Ernest Atheran Bessey, Ph. D......... Botanist 

yo CERAM lS ea IB Ven Da DR ae or 3acteriologist 

Alfred Knight Chittenden, M. F....... Forester 

Merris Mickey McCool, Ph. D......... Soil Physicist 

Machor ay. Ceabawers MoS os ie. obs oc Horticulturist 
Georee Arthur Brown;) B.. Siccs 3 os 6. 52 Animal Husbandiman 
Harry Hayes Musselman, B. S........ Farm Mechanics 
Kiam “Pandy Hallman, Do V.. Mo... 222 Animal Pathologist 
SPse ty it rani COR joka hs aNogeecyeles os: Farm Crops 

Othe Hzekiel-Reed. Mo Sx. ist 6 oo. Dairy Husbandman 
Ernest Clifford Foreman, B.S. A...... Poultry Husbandman 
Elton Brainard Hill, M. Agr..........Assistant to Director 
Permian rl Plalladaycag.o sissies tym, « Secretary 


COOPERATIVE EXTENSION WORK IN AGRICULTURE 
AND HOME ECONOMICS 


ADMINISTRATIVE OFFICE. 


Robert James Baldwin, B.S... ..... =. Director of Extension Work 

JE I (Pe RS LTey TT Ged ae SSR = ae eg Ree ace Assistant Extension Director, in 
charge of County Agents and 
Markets 


JESS el 3 a ed DY ae) ee eae na aan ae ee Assistant to Director 
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EXTENSION SPECIALISTS. 


James Blood Hasselman, A. B........ Publicity 

Ee Dennison, Bo Seeks seoe seiner Dairying 

Verne A. Freeman, Ba Ss. cin. bemeriees Animal Husbandry 

GoW ..euimam, B.S, 2.2 eneee eaten Farm Crops 

Howard Co Rather, B82. sen seis oe Farm Crops 

Duane wh) Srainiey, 7B) Se sete eae Farm Crops 

Menry C.oMoore: (B0S.. sean ne Potatoes and Vegetables 

James Wade Weston, (Bi Sint: ee oe Potatoes and Vegetables 

Holm Harman, By Sisk cea ene ete Insect Control 

awit Well Nis alate aeons Apiculture 

Orsel’ Edwin! Robey; (BoSiy.2hcw i. bee. Drainage & Household Engineer- 
ing 

VAS Hea Preamigh o5 4. wtestea eh cnanctests ecate ovate Horticulture 

GE LTV IR DOI Ese ce ae coiene ase eran Land Clearing 

ACCS. MeA Camis, eV 8.510 os ous pacer Land Clearing . 

Geprsze Am midson sd. tieyis eae ae eels Land Clearing 

yO Ora b/c) nae Pi Fn ae Bees pea a ori Dairying 

stanley J: Brownell, -B.°S..). S55 «tks. Dairying 

PAIS GG, LAY Ss da e-< cists ease es amen es Dairying 

PRO DET A OY certs je cio restore Merce eine eras Beals Dairying 

SamessGe Wels) clits, Mesme Acs tna tasers Dairying 

fC I Deh Ber hein aor ttcn ai nate, Deans Dairying 

Pauly Ms Harmer, Ph. WD. faeces. as sns Soils 

George Manners Grantham, B. S.....Soils 

ECR ETISOM, cos 8. -2 . Faieln nace oays its Poultry 

Raymond David Ure, (Bo S225. ns. < Poultry 

Girord -PatchoyT;, be Se eet ete Assistant in Marketing 

vatlard, (Cries ww Pet, oe ee tere sarake ae Assistant in Marketing 

ouise HiCamipbelly Bicsoass ce verses State Leader, Home Economics 

Mariel opkins: BiiSie sci matecs es sos Nutrition 

umice tuyan, Moc AS sean she tet ote Clothing & Textiles 

Marian Harriet Rogers, B. S......... Home Management 

i Ay Cardinelle Be Sin itike ont pare eras Horticulture 

George We: Starr eye. tes eed tnese Horticulture 

AGA Ty eS NOUEZ,. (ESOS akeleeter tats cuomerstens Farm Crops 

AMES cbs A ASKIN Ny coer esiein es eenade Rural Press 

ben Mumford: Ph, Dicey estan caters Extension Lecturer 


COUNTY AGRICULTURAL AGENTS. 


laale Tennant, B.S... p.e eee ets In Charge of County Agents 

Roswell G. Carr, B. S................ Assistant State Leader of County 
Agents 

Chintonsve; Ballard, ABs Sic 4 aoe eee Assistant State Leader of County 
Agents 

Bites AMOS is ASS. op icats siyos caus ee eee Assistant State Leader of County 
Agents. 

Cie SOM MSONG TIS NBs mi io y's. b iste hae yeete Alpena 

VTC TOO ES cs tails seb ade p colwiowsa ih abate Allegan 


Colond M. McCrary, B.8............. Alpena 


FACULTY AND OTHER OFFICERS 


eke Wrake, esse cael. i eee sd, Antrim 
MeWwisr dee Carters S. see i. ees ok Arenac 
LEDS Gg "oo 6 (2) 003g Da a a Barry 
eines Te Meraicer TS. Sui cad eS: acto Benzie 
Wrank L:-Simanton, B. A.M. S........ Berrien 
Claude Lawrence Nash, B. S.......... Branch 
ASOD dan Adams: DoW sr. ees Calhoun 
E. L. Kunze, B. ae Pee asthe State: Heid Bae Cass 
hehe bee hOWEMe Ee Sods. onto c een ee oo Cheboygan 
Howard V. Kittle, : PoP ht Caan ae aa Clinton 
Jo, TSG Sod (yee E00) STARR a ed Crawford 
Pepe mito. armen, ds. S25. 66s. ee ses Delta 
Arthur J. Lonsdorf, B. SEENE eo Caen Dickinson 
een VV. Remmiysubs (LS  e e Eaton 
Dwieht C. Cavanagh, B:S.2.7......... Emmet 
Sidney Samuel Smith, OA DUS ries sacra Genesee 
Carl E. Gunderson, B. Perot. wicis togebic 
Charles E. Atw ater, |B fags SEN ht Sac ee ee Grand T rayerse 
Cecil Perth Pressley, ] 5a Ao Gratiot 
orev. Weimverm, Bei ies soya Hillsdale 
LIAES0) oT Fata Gf FSI 2 a a 0 Houghton 
Re WRIT Rere aes soe IY Se Huron 
Ralph L. Helm, (Eas CO eer) a i ae aa Tonia 
Earl R. Roberts, Ke SS ari La eam Tron 
Roy E. Decker, B. eee nore orcs) acer Jackson 
R. Leslie Olds, B. : Seat ate acc-nee eaeanaes Kalamazoo 
| NTSTU EL FSi a] Bi 8 A 8 eat aia ee Kalkaska 
Keats K. Vining, e Ho is eae oe ant Sear re Kent 
Aso Patch; B: °S “icc LORS twig Sesto ee Lapeer 
CPE AWomeetnainise paces Ce APE ie Lenawee 
Crem sO anOel artnet ee ss ae Livingston 
hoy Harry Cameron, "Bs Si) ee) ee Luce 
William Murphy, B. SBoktah dah wviioitrce Bane Macomb 
Harold M. Vaushny.B. 8.0009. .. 3... Manistee 
Meee Roy, Walker Boi Succ eee ke us Marquette 
Paisley EseTIM Si weteernre ne ay. 5% Mason 
Murray F. een Fie ts Ol aR ee Mecosta 
Markae mas: Bese, fee nN Nae os Menominee 
ira. B: MeMartry B. a ERED Noha Midland 
Od wale be) 63196 40) 1 gg Bn eet oa Monroe 
B. Eldon Shaffer Le ate’ teh at a) aN Montcalm 
alee WenO pied. See ae, Se Nv eats cae Muskegon 
Ome ay liars chee arate sho ble © satel aon te es Newaygo 
Charles B. Cook, ia Ieee stogaye een ss Oakland 
rca TE MOTs: 1s 5209: Gah ea eis ete Sak bee y acs Oceana 
William Edw ard Acai’ Bie Secteteis Ogemaw 
Wee Naiier@ lapis Sic ts). ts es ciate wees Ontonagon 
rane Ce iytle: BES. a2. e e.g eine Sas Otsego 
Clinton Pomeroy Milham, B. S........ Ottawa 
EVE es IBER T9856 sv ates soe Saloia Maeva, scne’s Presque Isle 
AMC EMMY 5 ES Seiya! s slaps. 8 wating a has @le ace Saginaw 


crater We Reda, By Satie wee 2. eee 8 Sanilac 
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Carl May Kidman, J3. Se Ssaeaatet ee St. Clair 

1 ORS coil Sy 01K 0 W012 eel Beet enna Peo ot One ee St. Joseph 
EACey. by: VS MAME: |: 2! ceca aurea tmeta Schoolcraft 
Jf Vernon (Reap) 2.2 oe ene ee eke Shiawassee 
Hohn VV SIMS, Bo s.e its eee eee Tuscola 
Wesley Clare Eckard, B.cSi.220 6 o.2- Van Buren 
Harold: Si Osler; (B.S.5. vate ate teks as Washtenaw 
Ral pid, Carre Es. iera eter omens wanes >. Wayne 
William EF. Johnstons BieSibies ... a Wexford 


HOME DEMONSTRATION AGENTS. 


Louise Hy Campbell, Basu pike. State Home Demonstration Ageni 
Leader 

Kdna- Viola ‘Smith, Bs oS see a eee ret Assistant State Leader 

Anele JOC NLy BN oy ch coiteoenatanr ee oe eee Assistant State Leader 

Lala Me Sichler 2a oaks si itietate © eae Assistant State Leader 

Muriel Dundas BaSswtt. Gaiters eee Allegan 

Ruth? Wheatley, (BS... tease ae Gogebic 

Sylva ‘Wixson, 5.85. -..dsiiahie.. os Marquette 

BilamehenOlark son yo nenchaieeae ae nares Kalamazoo 

Biv a Caanevt osc yoe % oleate pontarae Baeselonets Oakland 

Biya SCMwII Bs Siok ce ee meee choles Ottawa 

Bernice Wood Worthy Bo: vicaeuyse ro Ok Wayne 


BOYS’ AND GIRLS’ CLUB WORK. 


Bary Av SR uremer B28 eens os /oteiees eh depe uae State Club Leader 

Barbara Vanelemien. (Be Skewers. aoe Assistant State Club Leader 
ida Tawa Robb: oN seukceter he ee Assistant State Club Leader 
Ruth MeOress well. Bice. makers commas Assistant State Club Leader 
Arne Gerald Kettunen, B. S.:........ 2.4 Assistant State Club Leader 
Nevels: Pearson; Ws.-St Ast feioteme see ee Assistant State Club Leader 
Miva at Osborne cate onoraiertinkerem ates Branch 

W. CoeBonilamn 7B Se os fags sete reas eee Calhoun 

Amin. TRO Sale wera Is 7 \icvet ole oteioncu east orton Cheboygan 

D3 i ala ings 21] gn ea eek am ee mere Tron 

Mreeman: Me Wag, Bei fancies 205s sere Lapeer & Macomb 

George 'S: GHedriek; Bi Si ne teniesns ten Lenawee 

George Jy cipal at. sieueasy clots ore ese Oakland 

Atay. Watt: BeASe aoe wectepieree eee Washtenaw 


SEV = WV ALMER A, 30's: soveemsqeeanseraer eee Wayne 


July 1, 1922. 
July 1, 1922. 
June 30. 1923. 


June 30, 1923 


June 30, 1923. 


ACCOUNT OF THE 
MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1923 


SEORETARY’S FINANCIAL REPORT. 


Gashvonsbandsmen ee tite emistar le ce ne ea 


Gash Onde posit Over ra wn s,f atic eie tere atejalatneiay-isteletalatsayes 1 
To special appropriation receipts............... 


From State Treasurer.............. PSA 
HxpenimentStawOnes. o--s ele es ae 
BixtensOunee teers fe Tae: 
Extension, Sec. 1, Act 115, 1921........ 
Vocational teacher's training. ..... 


Experiment SHATIONL a ear orate 
WxteDBlOMe wre eae ee 2 
Institution and interdepartment transfers. 


By. special disbursements. 02-2... 52.0. eee 2s ie es 


Special appropriation................. 

WX pPeNMnent SuavlOM vers te lai ells = 

sXtENSlOM: Saye nia eels Saad wat act 
To current account receipts............. 


"$180,000 00 


70, 


000 00 


70,000 00 
18,842 59 
From United States Treasurer..................-. 


000 00 


159,913 95 


22 


326 14 


246,038 21 


301, 


770 74 


From State Treasurer, land grant int.................. 
From State Treasurer, one-fifth mill tax............... 


(a) 1,000,000 00 

(b) 180,000 00 

(c) 70,000 00 
From U.S. Treas., Morrill Fund. .... 
Institution and interdepartment transfers. 
By disbursements, general account... . 
Biya Cashvonihandercs sacvacs say ety: 
By cash on deposit overdrawn... .. 


(a) Mill tax. 


(b) Appropriated for Experiment Station. 
(ec) Appropriated for Extension. 


70,618 98 
750,000 00 


$58,592 92 


570,185 09 


1,311,337 96 
3,455 53 


$1,943,521 50 


$1,943,521 50 
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TABLE NO. 4.—William Smith Sayer Scholarship Fund. 


Year Balance 

Tund ending Income Income expended to Amount | including 

June 30 principal 
1910 $32 25 IAWIMIGWACLIO ert erm tep te arets $19 75 $512 50 
1911 Bye taku eee Wskielh gdocaniddsct ob oeodllaoeaoea ccs 550 00 
12 | 1250 | {AD Weights] a 0p |p 12 
1913 25000 sis hrancisto lace camera seis 25 00 512 50 
1914 24 85 Rie Wit Wiattleesecerortyactarecets 25 00 512 35 
$500.00 received of F. B. Sayer, adminis- 1915 24 85 JADEBaker oes cee cree 25 00 512 20 
trator of the estate of William Smith 1916 25 00 Mss Mae ee toe cle toe ates 25 00 512 20 
Sayer, to establish Scholarship in Bac- 1917 25 00 iBisaysc HEUneH werreaeene ne sets 25 00 512 20 
PELIOlOLY;.. thesia wise oie meee ee 1918 2500 |. rele bt a a ee a 1 537 20 

Mlwyn Younker.....¢:....... 25 00 

1919 25 00 { wih Hoppa ext wets eae 2500 |f 12 20 
1920 25 00 Esther Severance............. 25 00 512 20 
1921 37 50 ThelmanPontertsee acces ore 25 00 524 70 
1922 25 00 Herman E. Segelin............ 25 00 524 70 
1923 12 50 Dorothy. ermine eee 25 00 512 20 

Mitel ad aati sitonl aor eee ils lee ate $356.95 Bile. Rens ees ois, oe ASA eH $844 75. | nce 

Table 5.—Geo. #2. Lawson Memorial Prize. 

Year Balance 

Fund ending Income Income expended to Amount | including 

June 30 principal 
1917 $25 00 EB McMimtryeennenene tee $25 00 $500 00 

95 1) Ty} 
$500.00 regener of SE Sen, ne o at eae ak Be ae Me as at ze nt ae at 
in memory of Geo. E. Lawson to offer | nor 5; Tend 7 es eee Ste oe 

annual cash prize for the best essay in | 1920 25 00 Fred F. Henshaw Oh Bear 25 00 437 50 
Taisen aanieedi buaadleietad cnt | 1921 25 00 Herman I. Segelin......... ; 25 00 487 50 
MSH LeU DY ne EEL B.05i| 1922 37 50 CR Glausen®. eee 25 00 500 00 
{ 1923 12 50 Benjamin Halsted............ 25 00 487 50 

Wotalinattce Grier at ice crete ete S162. Oils sis ages: cates e Aeaiete te neee sbi WOM We oe see 

TABLE NO. 6.—Geo. L. Allen Scholarship 

Year Balance 

Fund ending Income Income expended to Amount | including 

June 30 principal 
$1,000.00 received of Amanda A. Ransom sane SSE ODT Hee be Gre, Nee ae Cee Cn ee beget * “tae 2 
to be used in assisting the poor and de- 1921 BE LOOM | hed eae ye ed ad fll a cas 11161 38 
serving young men in obtaining their )) 959 | 35.0 | ose f | 6 88 
SOULE Spe areas Peg 2 | 1923 GO: GOW chs cassis cha ghen Seabees on 4 cell eles eee 1,236 38 
MOtalo hice ils eee hal GRRE: oie a Caner OOO OO el eea ick: «eee Sen ctce Nialcce. ole et avatene | tei teka ce aie | Maecenas 


AGRICULTURAL COLLEGE ACCOUNTS 25 
TABLE NO. 7.—Marilla Griswold Scholarship. 
Year Balance 
Fund ending Income Income expended to Amount | including 
June 30 principal 
$2,000.00 pce of Gree cee a { 
ecutor of the estate of Marilla Griswo' ; ; ; 
ee wee of the eve a be vse ia suo be Ria aes, pia Maker pen mee, ig 8c 0 V7 
er the direction of the State Board o 9 ee a at Ses hg Kira igh pehealine SENT. 5 
Agriculture to help needy students. rues a a Emma Culver................ $250 00 eee ae 
Preference to be given to those from oe i gl ire A aT Nn ona ea eee a | PC BC ay ma 
epee OOUNEY eyelid se ass ie -verciens > 
PEO LeUecyr Olt e AAR eee Set oret Yrs lar cts fsjai| ire ey seers SIGS IOOPA Ee etter a ese ee 2 AE a yee S263083 ira see 


TABLE NO. 8.—M. 


A. C. Scholarship. 


Fund 


$4,000.00 derived from daily balances of | 
the M. A. C. trust funds and exchange 
charges collected At office. Inecme to 
be given that man and that woman re- | 
spectively who shall have shown best | 
scholastic records.................. 


Year Balance 
ending Income Income expended to Amount | including 
June 30 principal 

1922 > STATIC Uae Sigs SRS of ae ee $4,140 00 

1923 PEON Ws ee care Ae 2 ek Reber 6 Si os 3 tie ca a 4,280 00 

A ESarrmecieeee ee 1 PAZKUIUU OG Ct ene ies = CRP UN Gk Pe a ene foe RUE ANT SS 
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TABLE NO. 9.—Current Account July 1, 1922, to June 80, 1923 


Dr. 
To Disburse- 
ments 

U.S. Treasurer, 33rd annual payment under act of Congress of August, 1890............].......e-e.ee0-e 
State Treasurer, one-fifth mill fund eo eee woe c. Seiecoeke cacy ees Moree es ew eee Re Renee 
State Treasurer, interest on proceeds of sale of U.S. land grant...............0cceceecleceececcececeecs 
SAT ATOMY = = 53h 8 7.1 Coshiasge thd ve eS Tree a= Eye ta Ser a a $12,078 24 
ATTA HH Sha NAN y, sas ec ee ee Tn AA ee ee ee er en 32,711 85 
Applied Bgience’s srt ee ake, setae onc sik oar ata tele Uae ER Tere eT Roa eee ee 6,969 60 
Bacteriology... sctyrcterterih ee ena ae ee a ee See eee 20,807 12 
TB OLATY 4: 2/5, Eset ee OT ee OC eT oN ae ee ee te a ann a oe 26,213 40 
Chemistry: 57:5 taney ese eerie hee See ee ee Be Ee PE ee reer 58,741 43 
Civil Engineering ens een ides eae te Cee eee ee Deen nn en can eee 20,875 77 
Dairy elusbandry,ae aces nen caro eats eye en cee ne ee ee 65,983 35 
DDRA WING 22 rors chases eset PS SPE ase eT ee eee Eee Ee a 31,560 34 
ICONOMICS LY «2 Sem tecne res olaimeyie ceed SCH Sa ct eR nei ng Seen 22,121 96 
HlectricallMinpineering vo lecs censor tere e cee eee ee eee ee 15,561 52 
EN GH Neil 5, ints a etree ote Aaa wh OE ree Te He na ete tee en CEE Pte 30,853 32 
aR LOMOLOP YS forsale ere eT Ne ETS RT ce Ee ee Ree 13,768 15 
MATIN CT OPs doe eee ste bes PEC ee eee er oo Et ee ere a ena 18,488 37 
Warantan dell Oraes A 8 8c sim se Rs atch mae ec eis ee ee eee en eee 50,139 33 
WarmUME CHAI GR ate ck cisecoei eee eee ial ee ee ee oe Te oe ee 11,510 39 
Harm i Manavement t.riee colts koe ce eece ee cee Oe ee Ro eae ne mene 3,962 03 
EH GCG oad scas ete eickaya siescie alee rese han dee Gs Tol orar sa caehes Se oder IC EP Cees eae tas CE ea ee ee ee 
HOP ESER YA Pe oe ee a eee ote Beer eio ene eae cee aoe Goan 16,525 10 
ELISLORY se © ane ees oer, attain, chain Se eR on ere Cee ne Se ae eee 8,185 28 
Home Hconomies cee Wp ince arts CEMA bien yade oe Uae eee ee ne oo 60,594 67 
ronticulinire.sseter circ ee vee chose eer a arts cite ae OE Ee ee 21,222 37 
GandscaperandeDesipibys er. chins cca o leaner heel tet Clee te nae eee oe 4,260 23 
Thi DE Ary, S Neer Ee an ar rd Ch eth ener ys aS eee Seapeteak opal ts MES Ne enn ee 13,600 24 
IMsiihemsaticsrte ste S sam esas LR Ax tue a nlakn cde An Sean Nite tO he Rs ae SR 26,098 66 
Mechanicaliingineering tsctrt sie atecit neta ec e ea E Eee 35,394 16 
Military Pee Pict fer eet nt «RN wi oy Ne tater: 1 i Red eee eRe eE aa 3,629 09 
IY AST ieee taratyo  ege Ren At or Soc a MR SC YR aa, COON AMY a eee ee eee Ae 8,366 96 
IMetecralipry, es seeeats crea tes Ba oreo chess eee ee coo ae en end epee 600 00 
PAG HOLO EY -28 Rote eee Cy eee oR ae ctetatei oe eae TR le ENTER GE Ciera Eee 4,866 37 
PRY SIGS Reese coe Nein enh AN ieee SR oe Te ee eo a Lo ae 23,815 92 
PhYsIGal UL Taming hea at rte eee eee oun heer eee Ra ee eae 28,507 21 
Poultry. cette ce setae ae eke cites Se ek Li ly tet ied eh PEP RORE NS 8 Sh. og eck TI Oa A 21,039 31 
SOLS ere Sve Sh 8 APePT, ly, Rare GAN Oe, WBE AEC pking ee ere On th ges Sp 13,850 11 
Special (Coursesiy§.r.0-cn aes bo aot Nee eeace eerste cited ie ae ee ae era ee 12,319 71 
ULPEry aNd “MeqIOING sos. inte wer eT ae oc SO tre SE EE nc me 11,446 81 
YEO LY A ear ERB Sata DOTS ALRS SeSTI ie aT SE oT eT IA ee eels Ste 16,295 90 
ATamnt Recorder: Soren iste xe PAE CE Pore ROH See ace 4,607 36 
Dean of Agriculture 4,081 18 
Dean of Engineering 7,964 55 


Dean of Summer School 17,039 34 


OfficetoPsPrestd ents. caress ty Foe er ree: | I terns eon 22,315 18 
Office of Secretaries sen Seticcrvrd eae Ue eens aoe oe eee eee OEE eee 29,287 41 
FREPIBURAR She 3 tare ate Bee citecsi ad noite ee Ea Ee Te erate intoed 9,606 55 
UNG SAN CILT RAP RE ons Lc, 5 Tee a eae Us Cale SAL aah et Ae oad tee PT brea & 3,202 59 
ONVOCRTIONS SR Gun ore eee center Ee ohe hike I EE RRR ee ne 708 78 
Commencement We. ee reins te rece ake ae ee ee es SE eee eee 792 17 
Danlomiaa Weis eles fo St Mariel ae ste Ta eae 1s Wome Te RWE SRRNT t etn ete Ee ae 866 68 
Bixpenseisoard Members) aes. 05y, once Saha cn CR ee re nee een 724 24 
RECEP ALS bier tes 1s 2...) hove, crckeestchaerak ce aes NL ee ee 19,630 42 
LD ig aagttd Oe ae eee ee NEG manta ce Ct Ped wR eRe GS on Baits & 2,894 84 
General Mec tires. 0 cio ache hanes oteinton Sei Sai ae OR oe ee ae etek = oleae ee 302 39 
LYE PHLNTS ET il Bet Pa ee rg AAAI CRS nt lltsy cae a Zin Re TSN ol 14,426 07 
IVIIRTEMAMEDIIS ere aotncine ee fore Se ane Peo OEE Cee OnE CCE Eene 2,194 84 
BS ETE Meets SPE heroic SNC ossle ea cecksbe cates SRG ee ee, Ne OLIN otis a 71,259 69 
COLES ALY AS ONG ae an: eae teand Remus meee WN aelab aren ah) SUC So hea oe Se tok 24,051 67 
Bileetier celine h barter, Saicee is ore isve Duarte are chee et eae Oe etc ee ee 12,986 18 
rei hbandi@art are sacs kes te soe oe were ce Ore Ce eee OE one eae terete acts 10,155 75 
Grenerallixpenseses water: eerie oils oak EN ohhaclid acim ate eRe oT onenn 18,171 53 
1 BA | anes gan ee ae te a em ee 106,212 39 
Maintenance of Grounds 7,414 97 


Maintenance and Repair of Buildings and Land Improvement 85,523 72 


(a) 


Cr. 
By 


Receipts 


878 43 


5,248 23 


2,637 96 
1,588 44 


1,796 43 
5,653 64 


8,259 55 
163 82 
101 50 

1,407 57 

17 75 


2 95 
213 82 


1,469 63 
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TABLE NO. 9.—Continued. 


Dr. Cr. 
To Disburse- By 
-  lents Receipts 
DELEON CO Se nc cn 8s BA COOR OCS AA Se On anne IE eine at = ie es ee asa ee $2,746 98 $139 42 
Pin OTROS AS copes Hert O1- SOUP CRSEL IS BEE MOe PISO EZ ante IER sae ae ORY Gate. tacit o actin ore 
Panknirta ci] (ener ena Fe Soe 2 ae Oh Ee Pate Sa eo ee ee ea ae ee 1,750 00 4,394 00 
mer Ennion ANG ANIONS + cas 2s ca oo occ ste ec leccid ca ce ie en eioe shee wine ou eeu 56,917 52 994 12 
LTT LTT ceyeic cas eispu caccicbhe Os IM es NSCS COTES CS Ot aR ELE 2 eR OI ON (en OR ge) ra 25,000 00 
(Pa a ee CARES Spe re Pee yee $1,311,300 85 | $1,311,742 57 
Barwin Pcrmninehenal veariUly, tl OAs wesc sales see sarerak ae cneabieleele coteae nent ele sins Se oalre ns 27,606 33 
TSU DHS GTR GERRY TOP teria Se ade Sa he a: Bs Age ee ee ene he arn 29,087, Sli rile. amet Bates ee 
ay vr ers amen: Pomtehere eto MoS) ii abn. ee ae $1,340,388 16 | $1,339,348 90 
(a) Includes room rent, $29,432.55, tuition fees, $4,463.00, matriculation, $3,087.50. 
TABLE NO. 10.—Distribution of Special Appropriations. 
Dr. Cr. 
To disburse- By 
ments receipts 

SERRE TR TTTG vs oth ate Aig Weer oon eae aE mae ae Ae i aa es 5 OE $25 00 $12 50 
ae MeL WO MCMOTIMI HUNG st terc cee anaes x clan wiere dearer cenls Sanic acto ees maeltate 25 00 12 50 
Ge Lie IA EMIBTATOI ESET ee Ste SER OR ee ge ene ne me TR tt rely On ars | We eee een Cee 50 00 
Wiera en Griswoldl solo aralinyee setae is eed took Vache ORS crtascinaln site CORED croc lcsere' wl a urIA “eh Go wie d 55 00 
MEN URIONA UNL EACHETED LrAlTN pr. ar, Ses tn heya chel ee tic tear Satie Geren sine Lee, oe okicis 21,812 56 18,842 59 
eee Crem NOLALH FY CIC ree ears. cree, sicrstayainia mealainra. orem avant nto, oinlokar al crake oa a here tere ae fleavs ate Srormalorslelgaare 140 00 
PEATIEGECAOIVI GUN OTTALU ERIN Oatr ete yt waiter is, re ent arate fark cleric e's woe ANTONE wT oR Re Moles cae ae eae 4,522 71 
PE Ferrrieet COT OMIM CHES IITA = Nettcne chat ore oa ake ci (ers eros gain oT ato Sinise Cae Dees pas hes 194 33 602 91 
NG wala brarvebnlidinien eccrine scr. donee teres dare ceiralete bce a e/a/apa cect cie UU siete [tea sede sSvere datos Gist 69 50 
GTA mud te oclbaSd Angora Rane SOc BREE IS aerie He An Sacr toric! a mee aia are is $22,056 89 $24,307 71 
Balance (overdrawn) beginning fiscal year July 1, 1922.............0. 0.00 c cece eens TUS 18'S Pe secere ee: 
BAlance\Overura wi) OM ANC OUNE GO, LGd n2.2 4-5 sce decitncimestecias oe eeae se cee cites eceneue ennai 4,864 36 
LTB S 8 At dee ann SOOO SSRIS SIE BASS EEE Ree eI Nery eerie Nnaeee ae $29,172 07 $29,172 07 
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TABLE NO. 11.—Erperiment Station Account for Fiscal Year Ending June 30, 1923. 
Disbursements Dr. Total 
Cer ee St ed Ui eel ayaa eed LIES disbursements Cr. 
each Receipts 
Adams Hatch State department 
OverdraftiTuly 1; 1922 soir See Re Sse eeat ameter vanseotl seal Wade roel eat gee | eae hoes eR $1075967 26050, see 
United States’ Tressurenics £70 2 | Pe one PG ae Le a he igs ae ees oA ee a $30,000 00 
Slave Lreasurer> One=fit bh mill firms, cs sve [yore syns eee ae ee eee telat orate ct a em Gee eC 180,000 00 
Animalusbandry .:.).. scoala ee aowis | tes eotolet ies clafinntae aaeeise nore $2,741 04 2,741 04 3 
LSP Voits cite) lo) os ae Rag aie ar err a ter hen felt all nil reap phat eee Se ol fe ee ae arte e 7,706 81 7,706 81 298 55 
UAT oe PL NRPS a ee a RR Sea |i RAE et ye Woe 4,083 88 4,083 88 132 70 
COU GIITVLn GEAR SETA ps gE Bic onic Oe OR Bs] PTE eM I eons red eres eee is 2,099 12 2,099 12 31 85 
Dairyelusban diy 3s: ee sn coe nae ae ae ths Ce ene lee ee eee 4,010 27 4,010 27 62 50 
Director MOce 2s sane oe i: See ea eee thee ered 7 gee aera oes 10,737 33 10,737 33 873 95 
Wegnomice Fund Surveys, wee ee eee acne eee: on Dbewtaecien & 4,276 18 A DTG Siu ee ah ee ee 
1DisMifay11(0) OTA Renee oe Matchen rare a elec EO eee tac |e Sete tues rene ae 641 12 641 12 29 50 
Hares CHODS fore a rer tee Roe ee Sa | Se oe MEER oe rua eeepc ss 11,929 74 11,929 74 3,418 35 
LKO TESLA RGIS eae RS raed ee ital ie a re coin nel Le ea ah ee 698 50 698 50 311 00 
Harms Manavement,.itn sen ee ees ees COE Pa aeckte aval eal eR cone meee 2,865 82 2,865 82 111 86 
Harm Meehanies..2- 8. .2.22<2..2.2-- Peder) (ae eek aie eitpon IE Ren eA TE pee 836 44 SanitAa (Cn cee ee 
RIG) HK CIE \ Kite) eee Ra EE Urs ASR Ss Dane |OEe me kre ine tite VA 12 Sele ees bak Mh 4,916 91 4,916 91 23 84 
Litt a] ok RNS SONS oe SAE ers athe anid ea Dae ho tee Et walla | ge Maio hes Nah N hat 994 62 O94 G2 tL ener 
THe ai gaa Boe ioe pace tie ecorane teh cree mea Sanh yu Sa isl pape Weyer ee eae 4 30 bets 1 ae) ee 
SEITE TA (EIS) Sates Beata ve reackae tcecnc ey ae tes Sao $15,000 00 $15,000 00 108,191 10 TSS MST 1Oi sae eee 
'S)t) LSI chee ica RE on eeee GA ee cits ; PO ert a Ee Ea lacie te ea Dd 13,021 37 13,021 37 20 06 
Grahampbortras tatlorin. weet cna ies ccseate || he ciate beetle tte neers ae 5,149 27 5,149 27 852 24 
DOULA EL aver mtatlOl teh cee sesh’ sete leary a reteg. yh all Beebe Meret ae 4,303 83 4,303 83 629 94 
Hinperck eninsuilanscavlome.cme reece area cre oe seta vere tcl ncn nee 26,830 56 26,830 56 5,581 32 
Bailancevoverdrawnlune som gosh. es Se See cea ee loll (C compere a Nek ant inne eee ea aa 131,627 08 
MPOTAISE se el etcce reo e EN eae ae $15,000 00 $15,000 00 | $216,038 21 $354,005 47 $354,005 47 
TABLE NO. 12.—Ertension Account for Fiscal ‘ car Ending June 30, 1923. 
Dr. Total 
Lever : . 
bs ‘ yee disbursements Cr. 
Lever State State parent Receipts 
Project 
Balances Oly ls 1929, . Geseajecetter ste Mba Ill. tors dav anccatceeyatuel | ty avctte: pte tayo i Peesiayl cone pede Gee meter ee | Re ce ens toe $25,883 89 
bes: iRreasurer even unde eins Aa eens cok sche al tes stern ce, fret niche ee ane eel | ier moe ree 159,913 95 
State vrensurercAe il oO GON ts ee vis Lee a TAN oe dee 8 Se ne SRN Ea) ie ee ret Oat eae ere ae 70,000 00 
State Treasurer, 1-5 mill Extension Fund 
IST: a ee cae Nea NEE omer aig gE AN (hel PRED AOE Sr Si ers. 3) (te A ede inte aN sll RCH yin tis SE ae Haale BT aS 70,000 00 
ArimimisinanlOusscs tenes mindelderita tin iric A Rabat a5) shelnet STB $2,261 48 $15,967 28 6.05 
Boyseand (Girls Clipe cease kets oon, $27,302 49 1,059 95 9,704 99 38,067 43 115 30 
Control InsectiPests) sae ewe niece 1,000 00 3,000 00 2,766 18 647 G Gil 8 call eiogsecoteee eee 
@ointycA vents... si merece bites. 85,597 53 567 53 3,276 14 89,441 20 503 30 
Dairy Husbandry... ose dee 11,212 87 1,933 29 7,475 98 20,622 14 20 00 
Harms Cropss-cckc rece teens ue eee ORG TOO sate Boeke ee 4,804 69 14,419 69 68 77 
Harm) Managementirs coscaeee co hoeier vies ue locedltieie sees 330 40 259 19 589 59 127 50 
Home Management........202.1........-. 2,550 00 323 80 572 57 3,446 37 48 36 
Horiiculturess ee sc.ciec ene ee : 1,973 35 3,225 00 3,889 56 QF OBE OL ssoebeitie sei 
Hignseholdtlingineerings 5 sce einen nee ee ee 3,550 50 1,464 76 5,015 26 20 00 
INESIICGUS ete nen nios Schalke eee elo acters 14,412 50 4,965 54 19.3718) OL) whl ietne A eces eee eee 
Potatoes and Vegetables............... Talis: Bae paces 6,125 00 3,908 61 1OS033 (61 7s. ueaaeeete 
Rania ene Sisco ett elo ee one ee ctee one 5,156 50 2,648 20 6-804 70) ta) af teaeeie 
LeVido) TVCEN NO) TE PLN tees Coney es tay eee i iy [aN Ne oP Ee Sa eee eer 5,250 05 5,250 05 5 85 
OLS ERUeP Ee eee ol ne es ea Ta oe Ie erences 5 ee 2,675 00 2,012 84 4687; 845" |s 2c mene ate es 
Home Demonstration Agents............ 14,382 31 730 05 2,421 74 17,534 10 102 45 
Wlothingiand Textiles. se 2. 6 ke 2,380 40 292 96 848 71 ere Pal UY art [eee et hes mh a 
Hoodeand Nutrition. 2 cycles 2eis noone 3,000 00 240 30 1,193 22 A AGB GOT Sei Sivas sepe ses 
Iearridn Gleaninp tar eerie ecpk eens: a dll Oe See eee 9,573 11 4,936 62 14,509 73 10 00 
(RG GUOTES sre metas oe ae tinsiel< Be Sas ste eichival teeta ae evel eect teter ae 6,170 O1 TTA DAE nee Scie enic 
HD sximy mV ATINITAC LUITINE oxetre ere toc) «aoa apenas Ss |lavebeec sae ete een oes an et RRN oe 750 00 POs OOF a] ie trast eres eaees 
Anna OH USPaNOnyi. <i secck. te se nse oe 900 00 2,450 37 923 65 ASO TA MOI 14 Sarat inate ees 
Balanceronvhand ne 0s MOIS) aii, rset ctl eee aah cote cee teens teeta ene eee rnsie es phere tet D5 Onde GS | ber\cresicre eee 


$69,352 06 


$72,504 73 


$326,825 42 


$326,825 42 
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TABLE NO. 13.—Positions und salaries as shown by pay-roll dated June 30, 1923. 
Classification 
es Extension 
Current | Pageriment 


ADMINISTRATION AND MISCELLANEOUS 


Beat emis iO C Ottsta vic arsore eave meine eae eh le mane a Ie 
NCH pa Pros E Geter cielo ewan aes Seem ecm cnt ems 
GAIA EUO LEK ese hie. coe na paes snare oO ae ann 
Clerk to President................. Pe ear een: 
Clerk 


Secretary's Office: 
RSECE RAT see ic Sr ae eo Tae se cele fo 
RGSS RS Ae AI ice pe art= AR SURES ee So RNs pA 29 ah 
DG RPRDET iter ce cis Sone het RR ER cee Ie 
(CUT SiC) Fore ee ea ee a ee a es SA RO a 


Registar’s Office: sf 
IE CPANUEAL RON I et aaNet ntact apie sie 3 
PSRTNGAD Gener ech Sie att Orr lacgtos oh ect, Oe eke a ON RA 


Library: 
LISTE TE TE A aa pteceseee recl dee oes CE ee CA oe 
IReterenceubrariant oes. ys cso eee ote oe ee 
TARRIELAU tI DIALIAD = sateen eet a O-c93t cee. 


Store: 

RIEOREKGODON chee ares eset sci ee Pas Ba dw te 

PASRIBHATI PHSROLENGEDEL MER ce crete Soca Cen oh cee ashe eae: 
EEC ReST cans Atncd PED poe oy SRA INE Nay! Aa TN LY We 
Advertising: 

RCL MED cites MeN MRE onder et MT ofa Spe etece ote Ew 


General: 
TONTSTIGR hee A Ar, te ee ore iN el Nic lal oviae Beek BOR ook cw 
NT ETA atic Ninian see tae ye ystote starters, oktln's pokes 
ARESINATIPS Cane or ete y tly motos ster atest hate eels ne 


Department of Health Service: 
edigal Officers tase eae stele steve clare gathers RE 
GOREPALY Meer pac ehetacic cata rreeras aie Saas raj sa 
INTE Go ates Bis he Re OEM 9 Ae HAS Aas Mee 2 Sh cl 


REOLEASOL ae eee meee on st Meret L ERD. 


GN End CLOLMer ye eta cir pe ats tes ea hota AAD 
ESERNCLOLN SS eatery ke ae ened oa oI 
nstructorcee Ae ceer rae eet oe lo ee ee 
URIS EUG LOGE, eee ite EE) PON aN ae say TEIN 
ESiOT GC LOLS ete pti eet ee AP opal sPrvaz f  acee oP SEE 
SEULetaryy. ot esate bs Sod Ae Pas ae ee 
(©) Fal ana ans ee ee en eae ems i Pee 


$12,000 00 


5,500 00 
3,000 00 
1,300 00 
1,200 00 
1,200 00 


5,500 00 
4,000 00 
1,700 00 
1,600 00 
1,500 00 
1,200 00 
1,400 00 
3,200 00 


3,000 00 
2,000 00 


3,200 00 


2,800 00 
1,300 00 
2,280 00 
3,500 00 
3,500 00 


3,600 00 
1,600 00 
1,300 00 
1,600 00 


3,175 00 
3,200 00 
3,000 00 
3,000 00 
3,000 00 
2,800 00 
1,700 00 
1,800 00 
2,800 00 
2,000 00 
2,200 00 
1,500 00 


$12,000 00.. 
5,500 00.. 


5,000 00 
3,500 00 
1,300 00 


500 00 
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TABLE NO. 13.—Continued. 


Classification 
Heer e Extension 
~ Experiment 
Current Station 
Division of Applied Science: 
GICSBOP ee Netcasts eo Cee eh oiarecicle aes $6;000:00'6 Pfs Satnk ose belcc ates cteeas |: cot ce eee 
Cy SOOO ADELE Ere Oana aoe AcoPanseamor acc s 96000. sacjccendeact less pobar coon ol aot = oe 
Department of Bacteriology 
(Professor: 25.055 2, Doe eames Beene ot ho eo ae ae 4,750 00 $3,150 00 $1 600200 bss. ss eet 
Associate Proressors- ices cass sis pasties temic an eeetene 3,200 00 2,400 00 S0OT00. |). 5). ce eeeee 
Agsociate Proress0Ty. cbse. sone doesn chicos eee 3,200 00 1,600 00 L;G00300' C2, ees nmcck eens 
ARSIRtant ETOLessOR css ssc Mesa ck ce ae eee eeacerene 3,400 00 1,200 00 2200100 hes ve cwteneeee 
ARKIBtANE (PFOLCRSOD soe. fae carecto sa cete aut a ee oe ne eee 2,500 00 2 BOO OO "hse cote tees ek eee 
EMIShEALC GOT als textiles 2, o case hls AMEN ede hoc AER 2,400 00 800 00 15600\00) ||): ..Seseaee 
Graduate Assistant fens. | cs come ot ence eee ee 960 00 960100! +) socscse ness cee || feces 
Graduate Assistant eases c<cok es eee eels daa snes etek 800 00 SOO OO a ssiocc see wwe nll pO eae 
GradtuatauASsistanhssionrc. coders corer Le ee 800 00 SUDLOD) Wis od... calidon sane | oes eae 
GraduatewMssistalt:: <--c5cs-acekre ae chemo ewe nse 800 00 SDOVOO | |. chistes earl e ace 
(C) PR ce Be at pte dae Oe Bn et eae nO eae A to 1,500 00 700 00 80000 Pe e256. eee 
[Research Associate: .202ssse) shiv ret enee e See 360000 Hl ic iooBeccecet 3:600:00: {|.03... eee 
esearch Assopiaternsese re csree,ceene ee eee eee 2 SOOO A eee en taenics 2800500 2] ieee 
esearch Associates as cccr ones hae Oeea oe eae por eee BEL2OD 200 Nl nc eee Reece 8-200) 00a Seca less 
Department of Botany: 
IPTOLERSOE eters coercion ete ae acetic He costars cane Se 5,000 00 4,100 00 BOG TOO ie as Seerteeeien 
ASBOCIALG ETOLEESOL Case Lee ne bee eae eee 3,500 00 32 BOO 00 Sul ne teoeieeae tome eee ee 
Associate Professors cocch ee tees ee eae 3,800 00 1,900 00 1 OOD 00a Ose eee 
Associate Professor. Aiie.. 0 So ochre cae eee 3,400 00 900 00 2-500) 00h .acceeeet ene 
A ReistantubrOLessOr noc aic/peee tech os nap mee eatin: eee 3,000 00 300000 11 sede cai. tee eee eres 
Asaistant Provessor-e occ ce mee eee ko Ore eo oreeeeee 2,000 00 200000! Alans. nace Ses ee ae eee 
Graduate: Assiatants. ns a aoe eels c Renee 800 00 SOD OG) 45): 2 scrks Pesan Ree nee 
Graduate Assistant:.nsa-ae see eee ace eee 800 00 SOO00™ | arate tenieciod beeen eae 
Graduate Assistant: .s.s0 hee bee oe ks cee ee 800 00 SO0005 4) core Oe 5 See 
‘Research. Ansistang.<.2 eck sce octet eoe Ce oe eee DEAN 00M Soster state ce 2 400001 sete teeeeres 
Mesear hABHIntANt 2 22 e Ceaahon cence eee eee TS002000 hee 13003005 Jick ols ne eee 
DLeNOSTaplen sean Seas eee ee as ee eee ee. eee 1,350 00 900 00 CY isd Pete iens ., 4-5e, 
Research Assistant in Plant Pathology.................. D A000 s lage oe ee 2400/00" \))..:.) as aoa 
Graduate Assistant jocces ast cer seer eae eee SOD DO Al sensi o Setiecore SOO! O00 |. i cic setters 


Department of Chemistry: 
IPOLESROR cis sere he inna cinerea oe ae eee eer eee 


ASSOCIATE ETOLESBOLes2 6 sso cent eae ek cee tees 
Associate Protessors. soo. abc cist hace eta ce Oe 
Assistant ProressOrs canes te cate accce ti ore ne 
IASSIBTANE NELOLCRR OL cn snicins oe eke: coe e nae tee ten enee 
A'saistant \PrOlossob. ine cars cue siecle cago a seicn Sete coe 
Assistant Professor. . 
knstructor....0.- 


Instructor... 

WistriGtors Asks 2 homes s oe Sek een ee Oat 

IAT j i Lic 10 A SPN ge ep a ne ana NS es 

Tnsfructorls jscicis see eh eee oe aE ee ne 

AMSEPUCLOR carte aic ee ae teh Ok oe manne ees eee 

Graduate Assistant.) "ose mss soon eee cee ee 

Graduate Assistants...) Sooce es ciusneen eek eee eel 

Dispensing (ClenkAy ork.) Sahat ce one eeeis cake ee 

Stetiozraphers sc alot sodas cae eee nee Cee 

Department of Physics: 
PYOLCRSOM «coors algerie tea Ree Be ERE ce Cee A. HOD 00 eee ae [late Sn lee oe cisill care Se eee 
Assoctate Professors. Sos. nck cade cee soe eee Sy ZOONOO crt neice Seite stall mai Stascter cic ole econ secs tote era eee 
Associate ‘Professor..o0 os. 5:2 se osncecshextcte nee SOZNO N00 Sri] ace eee eer | score teen ce pion cH peiotatele eee 
Arsistant Professors: oaescee os bw cas LeeLee ee PARC. | ile ES aetna, | RE  eweseten. WA ARE osc ons 
Mrs taebOr yim clea oa oe eee ice Ree ne Pate LUE Ue eR elves Ree | MIM Alar NE An 5 Lola senna 
College;Photographer!. i-c. 902 .doeseeeed. eee ee T2900 00 oles an ok See SN Se a ieee lia erent Sate 
Ware taker cn) do ytscun ton ee Sen ete ee APBO02 00) 5 cis Pets Bee esa]. pate ieee al eats ae neat 
Laboratory Assistalh.: rvs see ec ecs eee eee TEZOO DONA | cee Rs SRS overeat es oe te eke | eatctercteratee mete me 
Department of Zoology: 

MA Ghing Professor. 2 sc ose once pete Cae eee SeVOO VOD ale cscs osc wiole wo atheist mentee teers oa erstel tess oe ere 
PABBOGIALC Uc os Sos Sey ELE EL eee Br OOOO al teens heya tell ieee ate rereem erehag | ance piets ears 
UMA ENO HOR tise ct eee Deicke ee wed Beh iaese PARE Vad 0 (ll Wie ert aed ed eet 8 Near 6 eaPeeieerte) Gs Sepp ro so.) 3 
IMSHRHCLOL, jo ohio coeds See ee Le ee DADO OO Sa knoe ae eee carne [lteter eae ote) stall (akelaces 3 See ott 
ENEPU CLOT 2) AS hho acess, so oe ee DEAD OD mals cis seers hire salt setae tela  etacteiris ll ic oleic aiaaimtarniy oiaee 
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TABLE NO. 11.—Continued. 


Classification 
ee = Extension 
Experiment 
Current Station 

Department of Entomology: 
Iinlt) (250 ho Se ee EE NBER centr aprioneaccr one $4,700 00 $3,100 00 SIS G00) 00.4 ||2- eee tes 
PRSHINGAN GP ELOTESHOG oF cee nein ete need etd sc dyasennyal are ele apt tier 3,400 00 1,400 00 Ze OOO ODE actrees 
PA Sana satis eT OLEAN. Ssttsis cid we ere eivings, sielecteel- miamravare eras 3,000 00 1,600 00 TEAOOT OO DHE = neta. - 
ENRERUGLORER rented ns nee Seles ate cee are Ao cose 2,300 00 BESO OO» [ayers ieee eee cee cs 
SPISEETIGLOR MS settee osc Acacias tes aia ole arse eG chat 2,000 00 P3000 OOS |. crac’ eects cere scence eee ae 
radiate ASSIStANG ces so rieies Solchcie Kone Se er areieeie aera: 800 00 BOO! OO i ieci icles Shae ee eee eee ce 
SREHOPTAD HEL mee ceric Cant oe seen Metin Milnes eerie 1,200 00 1200500 oil) cians teaeroe areal eos eee eee cee 

Division oF ENGINEERING. 

Dean’s Office: 
ID CITT se Ace Ot bak Be Anite Seca t a CSN rere nie RE Pe rer 5,500 00 500" 00) 2 fie We otic allen eines etree 
(SESE eal opty Senne ny. MER UN ie PR Re a es ee 1,500 00 15500'00 sad 2ERUSE RSE eros 

Department of Drawing and Design: 
LESGHUSTSO]e, o eoted bn Ie PaaS ERA Pipi oe Oe Beer oleate FPOOOR DOE ape acon hats ocs. orcll ba coer See & See on ce ae eee 
PRSRNG Is EN ETOLESSOLSE. Ses irc ico elo ale Pe wis orgs ad Se OOOM OOS Ilse r ec sre vlote lore lasa std 2) Scar ot ae | an ee 

PPAROCIALG IEPOLERSOD SS oh) asia che tines arole orci otis ees SHON OO Ps | crete earayeccctsiczcl!s's, Sete! otis ge hil ean neater 
REACTS LESETOLCRSOD sacra Fok oie era em eeioaie ae aioe « SOOO NOO RN EMSS Soo as ale siclsralecrtes Smt ae Oe eee 
PARAING ANTE OLCSSOR wenn: Fi, SR aiaee Clea are Pelee es rae PRBOOEOO 5] | catttaynene d Acpectil scotch Meecha tA | ee oe ee 
ARMIN ATT ENOLESSURSeeree te Seo inc lene ete citaten aie tite Cees FA COE OU ie |rcctia sia tie tc tai oi eyc heres ocece cerns! Ge ane eee 
LATE ALERT) Oe OER CR ee aati Poe ROOn ROE Donen DPHOO TONE Tas tenn ce eine Clive Ane eke kos ee are eee 
PARAINT ANIM ELOLCRSOL Meee wei ated tet atten er ofateicie id a oeirota DRAINOO eS taee Rates oto Me cbse omen eo cl sae eee eee 
LETT OTTO se ee eae te BOs AO ee cle eee ac atc Cor DEOMI OOS Ties seen eis cies; c coe wate cudeeys oo clie ae aes Seeeterars 
TISTEM COLORS Sey Pee eco ies cra ies aiehemidata etl oerste reer aie EAN OUD lain Br cca hg crea acs toro tote e ole oe tio ee 
SIS ERIC LGTY atte oh se Late falcata oye eel bic cl areata defer oa AP SOOO al eestecy etc recto ral ais totare charac ete | ro eee ee 

Department of Civil Engineering: 
ET OLOGROLS eee re cies hacicieert acnincran emma’ A SOO OO Caveat acfer rt al Gers. neysraeiotras oil ater ete 
ASSOCIA LONE OLCESDE Stes reicciictae tla ctActe ce eet teeteee S34P UDC red lec cre eechs Hes eT ane AAA eI Abo 5h 
PRSRISTANG ET OLESSOR Lo | fer pic dea tickers Narele oNer eeeroleis DE SOOLOO is, weeny covs||soisiocissindiciscg <i] fe ne en 
AGRIBL ATG ETOLGGSOI a feels eisitieicle| tet oretehoteachctatenctal sivateteletn ave Poa VI Dial ete ain hoOe Bt BR BR oes paar leeerao ad buogac 
PABRIN LAME PETOLOSHON sep se Somes, ete cicheyy rare ask eee alot eer EGON OO! Gs emer Son Sais os ls ata es peer 
AFSISCAN LE EE OLOSHOD sy Seite Rielle s center reala oe eit here. Nahe PAS) ITD, Uae (ae a De ren Do er ohn ae 
RISEN IC LOL Spa Nae tetra ME ones sae ear PACU T UCL OAR VI Ree at Aer ae ee RON Pe rs inicidoene 

Department of Mechanical Engineering: 
12g EEGs RGEC BOOB or ane DEES ne Bla sercicar As D5OY OO acs iste catn sini tate |!aarccets x Giu) coe ere eet ie 
PASRINGANTH ECOL ESSODA oe 0. -cs.- her lereevnne vied ore ae erator ei steers DASOOS OOD ites oi ears tes eae wis ors crore ceiatae eee | ree emmeraaare re 
ASIRbANE EE OLCHROL ieee aes toto toe days cain Ae eet teeter PECL UST INDN (leash nee ca] APRS eM crac gd Leieet acu: ihca hy = 
FASHISCATI EE TORESSOR cee. Sts he acre tte ea nena melee atae DAO OD IE Woe ees eh Silko -ctdrecerel coat Re een 
LOT ha LG ere ae RR eB neice tee oan Reet eee PAGE EVA OSes etn ye Re WOME sR geo Be ci 
ISITE) NYA Cie Ae oat nen Shh On pen i aE RS Ln A Ac POA UoCi, IRBs (eae a UR eae, oie | eG 
TRIS ENC LOG See eee eee ae eae sone eit dociais Ree ere De DOO) OOS eee he cai cea ket 
AMIBERUGEONN WwActned See ea PaaS Ile didnd oe ee DAN | UMC etal a Ae i Rees Meare oe gto Aa 
PNISEUGHOR ee te cree AM ee Nap beres he es Renae We CAL DON DGS ote in San eee Patera niet cul ISP, rec uae ce 
ESPNU Urea hee a Oe a A cee OM Ste Sten MOUSE. 3, SrbrA BE ne PS OQOK OO) | Sse Se 1h oe eRe | eR ee 
THSGCUCLOR ee tite foto Tako. SRE A to imate TASOD TOG)? |S ea Ser ee, at Belk oe Ooh cree S| et aerme etapa 
EISERUCEON ee eel eet neh rae hed adn wets Aetee eee PAROLE lee hd ip PeRmMR tI ems MRE Tipe nle linkin otk So glen 
Hon eMpineerss ke he hee ee ot Moh Baal. 108 1500! OO cohen eS Are eee taco ae ees aise 

Department of Electrical Engineering: 
EFOLESSOI Ee ete eae NaN EM ara dee an Piece res, Ne A BOOKOOGY [ita BIR aka 3 ee ON een | eee te tee ae 
ASROCISES |ELOLESSOY a! Woman eae m anand re ea SI2DONOO Se URS y Sot Oi eee ae eats | ena nee MRR SEA 
PNSHOGIA ter ECOLeSsOn= = eet <at teen wehalsigetery dosti Aes er od Se QOOK OO). “aie tke tke Noncre balttse eter eae ate eee tet 
Inintructort: pecucartets © Neen Wage tere ae beret POO OO MENS S YS Fe Ree ee cele ac em See 
GTRdUAte/ASSIStAN see cues aby Aachen ents BOON OO!» ESS Wes Sins ae IE ss ee aaa ae taeen ee aecmen 

Division or Lerrers. 

Department of English: 
IRPOLCRSOR yy Se ee serch CAM BRET ote cate reais 4500/00 = [33 2a aes Peete eae ctcese eee ir 
PNSSISC GN! Professor een nite Len hoe hea fio oe oe 3 ADO VOO eeepc ace oeerea a ears tae maniacs acters 
PRESIRGANE NECOLESSOLS eee Aah Hereditas 6 aon era ee 2" 600: 00): ch, Sera ea el ae ae ie oe at est Te Se Near 
ASSIRCANG ETOLESSOL ISR Aer hs ee We cherale sae cle etetlareate DECOO LOO Eres heel ose etek Ce craic nate eat te 
FABSINLAN by EOESSOR tee Ok eee METS. tea, oath creek 2 GOOKO0).9 laser teer ye rede einiard iene iran Reenter ane eet Sie 
IA SHIRE ANE ETOLeSsONee Aes ane cea  ooes pea ae 2400: OO ic area. ciate lela a8 CR ele ie la tee ierctererecre 
Assistant Professor....... - Se Ret Aotis LAMBERT Dime tscrisy GOO OO [a PS See oc eens ee naretas ove | eeerene mercies 
IS tRUCLOD See eee il Man ener Ades. Clonee Meares Ts S00KOO Re see: cect Inehetten cere rare cities ise otek 
UMIBtRMC LOLs ome ete eet eer nec naa ech aahel a vateocks gLARUT DATE V s 1  rea s eteed [hn eine gt arora eee Caer ea Stone 
ETISEETIC LOL aey sete TNT hers wh at Sane eT rae DZ 2OOHOO We! |lpaereye ee amp eae lle teicnemtepleenns ietate Niet opoharcten-ra var avenerols 
TIS ERTL LOLS morte rah te re yea aco imei colo ea wietclayd TE S00) O00 [15% sah ctor [ocsy Peete nerine | omtoee esate sate 
AMSAT POF ate Wee Nea te PeeeOy etey eaHhaae She eset ane Ze SOO EOC is |leaete ence heete all lever asteremrerne elias BPRS = hui eee 


UMStrUebOnee eee aio tin aa aero arena TEBOOKOO GH Miser rch nretna [eters ertteae acai es otal lcbecciceeiatcaid ort ace 
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TABLE NO. 13.—Continued. 


Rate per 
year 


Department of Mathematics: 
Protessor.§ (20) ee AR aN os aE FEY 


Aagistant PrOlessOr se okcr tote ce re erie oe ee 
Tusirctor<; ele. 2 ee EP eae he ane 
TAStrUCtOr > 825 SS eee hace hs eee oa Pee 
Imatriictor.s, Bae wca tit ccnces eee eee ee eee 
TTIStRUCEOR en Aer netrotrec ee Oa ene ear e eee ee 


Department of M eteorology: 
Tisprictor: acs. peti oatins ave wcieeke selene meray oie 


Department of Military Science: 
ioTsing SCE) te) cock eaters 9 Seen ae rR Ei Ne yet aoe ete 
MISEPOCLOLeee Seen ian etree toe ee a ees ae 


Department of Music: 
Eid 8) (oft) ge ee Di ort ae BEE OE aE AO ne ise oehica soe 


Department of Physical Training: 
IDE He) ae CaS tice 3 ety oS he ed Ree se RAE Wl 8 oy 
Coach 


MIS GRUGtOR sete Reece et eRe eee 
IMBECILCHOL Sete Ce in tecce Ss ee ete ee SL eee CHa ee 
TTStruCtOr sees noes aster ae as ee eee ee EEC eee 
TIS CEU CHOI eee oie cress oh soe Rea oe Eee ee ee 
DNstruc tor eis ect Ae mciks ors ore One Re Oe Lene 


Department of Economies: 
IPT OLORSOD A ance ieee ne een oe ees seas tes ys eer 


ASSO CIALO-ELOLESSOR. Le ee atoertc ere neh bee nen ae areas 
ARSIBLANE ELOLeSSOr eee oe ok cee een eee 
AlGsiSbalitpPrOLessOr eicaaccrorenrent cot ete en oe es 


Professors shen Actiiiaire Searabae eA Ck a ete ee ene 


Department of Landscape and Design: 
IPEOLeSsOn? = 6) Le se ecle See See ee ae SURE See eee 


Department of Federal Students.......................-. 
TTSETUCEON coy he ateieed ee eee ions eet apt aac eae 
IL NG £0 AeA Re Sot arity URS area a SAS ee, 
LDS (ro 0) eee aN Ny canary m/e Arey ade = Ye 
LOANS He CLG) cheered 4 as MeN hs POSNER Ae et ake aloe 
LFA [TNC RO RC aE ROARS Rene ANS Ae Artes aot co Sees! th 
LED TLC) dose eet AR ANE aes adn Df 
LDR ECG Cie si tans Che RNS Rs Bitloy hEIGA, oay elle 


Division OF AGRICULTURE. 
ASSIRLANLLOMDEAM ots. nate als scluiteewes Sere een eee a 


Department of Animal Husbandry: 
LENO GSCTN aS a an ne RS Le ak 


$5,000 00 
3,800 00 
3,300 00 
3,200 00 
2,400 00 
2,200 00 
2,100 00 
1,800 00 
1,800 00 


600 00 


1,300 00 
600 00 


3,500 00 
1,350 00 
1,200 00 

600 00 


4,500 00 
4,500 00 
3,100 00 
2,200 00 
2,000 00 
1,800 00 
2,500 00 
2,500 00 
2,500 00 


4,500 00 
3,800 00 
3,600 00 
3/600 00 
3,000 00 
3,600 00 


5,000 00 
2,500 00 
675 00 


4,500 00 
800 00 


2,400 00 
2,000 00 
1,200 00 
1,500 00 
2,640 00 


2,200 00 © 


2,500 00 
2,500 00 


3,200 00 


Classification 
ligase Extension 
Experiment 
Current Station 
$£2500:00 2 see Aancnn ks eo olincs eee oe 
per en teeta. $800:(00) ES PSae eaee 
1,700 00 1 SOOXO0S Viccnn eee cere 
2,850 00 Ae 4O0CO Oise eee tea ee 
2,100 00 TOOL OOME et a. to eee: 
1-800: Oeics ha ee ree eee eae 
HUOP SOON Sta eka eee $600 00 


AGRICULTURAL COLLEGE ACCOUNTS 3p 
TABLE NO. 13—Continued. 
Classification 
eee Extension 
Experiment 
Current Station 
Department of Dairy Husbandry: 
FWONTES STATES 2 oe Miler anes na Va Ex Sart ie $5,500 00 $4,500 00 SL 000) OU en ere) 
ASSO CeRELOLCHSOL eer ae Nerney ee eae ee ee eee 32,000 00 1,600 00 Te GOON OOM | eran eet: 
ENDS MAGIID. [BYS) (3500 EP AR SEE SHEE EIA SOLAR Sate 3,000 00 2,000 00 iP OQOVOOMS hey sees ee 
HUMperINbeNGent, LeRwLE >. =). Uses esis ceeie as ee cae ok : 2,400 00 DYED FOO), 34x none Rane ae Core nee 
ELGG Ge NS 28 a gle a Mn Pie Pine a gn ie 1,350 00 675 00 GTHRO0E. |PAaee terec ns a 
LAMM ECOSSIBLATI EEE Sota ands ieee meee Sree oie aes 800 00 BOGHOONS lets 22h es eee a 
GEAR LREASSIBLAN Tc hente i cee te ae oan Sat stuns 800 00 SOOIOO ec aaa ee een 
JID aS, FR AP Aen A a a a Cn ae 1,200 00 ACZOOR OO Rien 4 4 AOR eer ree 
EASES ES Tg] DE Le peed iy PR ee ter ; e400) UUEs | tae wes Sarvs 2: 4OONOO ren nee ee 
Department of Farm Crops: 
Piao Ce Siete a ee Nal HES A ee oie Lah a hd 5,000 00 3,500 00 Te HOOUOO'P he treet: 
AREETALO ETOLCRSOLSG oe ese aes ae aes a eee ee 4,200 00 1,200 00 3 U00200) si sate rene 
PARAIST SIN EEGIERSOD Meteo he. wep tech eee Re eee 3,100 00 2,350 00 10) OOK s| eee eeteecteee 
PNSNIN GING LT OLESSDLE Ne ete a he Sea Oe ee IR Oe 2,400 00 2,200 00 200500) See saat oe es 
LETTE CSG ire ss Oe SS ghee mip seed Sew ae Ly a ee A 2,500 00 700 00 1800 00M.) 2 seen 
EPSPS MIDPARSISEAU Grass Cael a eA ee eae eee Al seh doth Steerer aes | etter eee 60000) S| eee 
EAPALODPASHIR (ADEA A Sct et noe a Dene ee em eels La ic eer Cir d Lali Ne oe) HOO! OOL aa eee are 
MUSTO LOL ence tere eke ae VINE oot ucts Ae our 2,200 00 1,500 00 TOO KOO sexe eyt ete ome 
PANE CARSISpANIC SY prt. mete see oe eis ae eae ERIN est 800 00 SHON OGA eee nse | eke eee eRe 
Err AUA COPA SSIREATI ELC yd tebe canes te oe ce eR ors 800 00 SOGZOORE ES 5 Vea te eke ak Oe a 
EEA NH LEP ASSISPAT A See Leech inte an hate 800 00 BOOROOT aes: 25 Sal ere rere 
Grad erAssintan tier tins cars atte a one na eee as ins 400 00 AQGR OU AB oes see pee ec 
Graduate Assistant, sie <2 (ides ee eee + oes ot cers 480 00 ARO ROO Se iis tchercce rene eine a meer aehG 
SLCHOPTADNED aia rats eis Mich oso Geee earth wee aoe 1,300 00 650 00 GSQNOO Teche eee ese 
INTUTE Gos eae GR el Ree Es BOP ESE g ane ee eas PASO AL ie CEOS Sa aah ere 80000) >i) 2. 2 Soe ae Seen 
J NESTE TUS deh GR BED ROO RRO Rea DE Meee DRAQO ZOO sleet ner arnt: 2 A00 00 iy}. eeeeer ne 
JECTS fotos ae ee SY Ooh ee WR oat ls SE2OOKOO ee aes ee 1,000 00 $2,200 00 
Department of Farm Mechanics: 
Professor.......... EU aE SS ONT BORE IEE SOEE IE Baa Re 4,500 00 3,600 00 S00200. Saeki eee 
PR ISTANE AEE eee eel a Shc een te Ses Sas dal EY. 2,600 00 1,400 00 L200! 00 eee ee 
JASE ATI ne 5 Sea AE a ee a A TA Sar ap Ac 2,600 00 1,300 00 DS00(00 Ts eta tee eee 
USEENC LOL ee Aaa eet eae nk ape abe 1,600 00 TGOOROO RE Ay Fa PT eu eee eee 
SCUOCTADLOL Meee Meee ete nee ene A eee 600 00 GOGO So lee. Riamccara crits wisn (ecole cen 
Department of Farm and Horses: 
HATE ROLGMAN Ge ae sete ake oe cere te Ne ee 3,000 00 SB OOOLOOP Airis nk ee ee ee 
Department of Poultry: 
AEROGIALEMETOLERSOD: it mites ants aarti ae cee ae 3,200 00 2,400 00 SOOL0CW S| Fare cee 
IRGOLEMIAT eR Oe ee eet a ue ea es veer onl LE site vee 1,600 00 BE GOOKOD) 9.2 cei ae erect ae eee 
Bhenoprapher sees suey te oe nate ttay Sone eae oes eel fen ecc GOOK OOS iA S25 ee eee a 
Department of Forestry: 
REOLCHEOL WEA ere Sa ee ese Meroe ee ee 5,000 00 4,000 00 TQ00 00M ee ete ae rhe 
ABSINGAIM EL OLCSRODE Eh hen Ce ett os Aven oom: 2,700 00 251003003 > | cr05 Oe Sa eres. 
LITETAA ICG 7) 2 SES ABM ORI S GREED ER AIS Bo Re Ee ee 2,000 00 2 000500 sta te Fea eae 
LIGIER 10a Os Aer ated ee es Sine ee Rees Nita Mrs aE Le 1,900 00 T90Q00): hah s eee | eed ae ene 
SILEMOBLADHEG OSes oe eeepc oe tele Becta as ee 1,350 00 LE BOON OOM. Ve cee ne Heyy eee 
Department of Horticulture: 
JBEOLESSOR RM a re the Per oats omnes: 5,500 00 3,000 00 DHOOVOO MM eases ken. 
PNESUCTALOREEOLERSUR. sesh aieonsetent ions ee ae ene ee ees 3,500 00 2,000 00 TOOOUOO MG amen tees ett 
FASSUCIALCELTOLCESOLT fate hte en een ino ent. 3,400 00 1,700 00 Le 200500 ie | ekeee ete 
J NESTA? 190) (SETS) gel a ee Pt a a oa 2,750 00 700 00 2) OoOKOORN a os aren. 
PABSIRT ANE LOLESSOL eco ieee eee 2,600 00 2,000 00 SOU ROO ran |e soe ee as 
FASSISLAIL PM ELOLESSOL et iene eee tee eee 2,400 00 2, 400 (00s Ress Mt ce 2 < Biles Va se ee 
LAST TTeaGe SSE A ARS SUNSET ASE SSeS ESE eee ares a amet 1,800 00 1 BOOKOD cc eee ree cs Aas SP te eee 
BUCRUSTADH ER weet Meas eee een Pts OR manatee EN | 1,350 00 675 00 ASS CU) oI rs Se om 
Mesearclies ssistante. eae te ee eet ea nan ae tg enad : ShOOOKOOM A liteace eee TROOONOOR eens ese 
ENECTELEN TL) cn cen DRE DIC Se RS CLAP ICE EA EER In oe SOOO TOOL prea ace ee 1,800 00 1,800 00 
PN STRETICUA toe a ahs bP Boe 6a 35002005 || oe ee as 900 00 2,600 00 
PARSINTAT pee eee Te aa a ae Nantes xe rat a 14007008 Vota ete AZAOO OOP ieee pase ea 
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TABLE NO. 13.—Continued. 


Rate per 
year 


Department of Soils: 
Professor se sis Weshins citeea eee or CE OR cee ores 


Assistant Professor 
Assistant Professor 
UnSiriuctoresnta eee ee ee 
Graduate Assistant... 

Graduate Assistant 
Research Associate 
Research Associate 
INIBRIRDANG ace ners aire attack eo eee ee OER ea eee 
ASSIATANES SOS cetera ce, an tcraa a hoe abe sel ok oars 
Stenoprapher jy ach st ae ee ee at soneete epee aoe 
NSIS ares a Salar. ean dale Goi sare OPN OR Oeiea ohe HS 
PASEISLAIIE MS hore aE CEI Tio cic ees ae nee 
VASSISPAIL Pc: be cements io ee SEE oe oe eee eee 


pecial Courses: 
Umatructar Sever. cose cnctaee ee cto ae Rae otsteereu ttetee 


Division or VETERINARY SCIENCE. 


Department of Anatomy: 
IRTOLERROD As Pye yet nee: eater chcts Dc octane or ee OPE 


Department of Pathology: 
ASSO CIAPENEROLESROR< irs eiiece oe oes ete s cece eaten 
ASRIRGANE er OLEBHOD ter ee SER ONe ee Oe atclne Won oh atic 


Department of Surgery and Clinic: 
‘Associate Professor etaarent ss okt ok ametowe co ose cee fen 
Assistant Professor: scence st aoctce silos afpawntoes seer 
Tstruetor ate opaeeate eines Maisie nenecia sea ene mae 


Experiment Station Chemistry: 
ON EMNISE eRe s. 3 8 aren See setae Hone Aerts Ek teiors ts RCIA 


(ASRIBEANE 7204s bs kaeaee Suleman eau oeie ete salen cee 
Stenographertyaee on berate) cence oa oe eee 
Bulletin Clarkin: ia stiecncsidetetocenee see Ae te nee 


Division or Extension. 


Administration: 
Directors: ieee Cee ek ee ees hic ack s SEE 


Home Demonstration Agents: 
Assistant State Leader 
Assistant State Leader 
Specialist]. cocoate cae tae ee EEE Cee nee 
DELIA oc eich a sons Phat ee Ueei ROEE dee vee ReeTe 
iHome! Management: 2.3) caecee Se meee ees ee 
Stenoerapher:: <h Hey se eee a OE eee aes 


Rural Press Specialist: 
SDERIRUSE thes coe ER cia coed atten oe eee 


Dairy Husbandry: 
DDBCIBBEMCRR Sirs ion een cee cs eee tater CTE 
FARSINE ADE ISDEOIANIShe so) ce owt co Ow eb eee erate 
PABSIS GAT SDE CLAUSE Nac ime vietiteictetiete > abin Ieee eee 
SDE CIRUAE er otinccicn odin ciel cunatne hs cones CERR ARIe 
IDB OIALBE ee ret MER NTA cerita oh gt ae enim ees 
DDSCIMMSt Re tok ncn os aa thc een ese eee 


$5,000 00 
3,600 00 
2,600 00 
3,200 00 
2,000 00 

800 00 

800 00 
3,200 00 
3,800 00 
3,400 00 
3,000 00 
1,350 00 
1,500 00 
1,600 00 
2,000 00 


2,000 00 


4,200 00 
3,000 00 
2/300 00 
1,300 00 


4,000 00 
2,600 00 


3,800 00 
2,600 00 
2,400 00 


4,500 00 
3,800 00 
3,200 00 
2/800 00 
1,500 00 

675 00 
1,350 00 


4,500 00 


1,500 00 


,500 00 
500 00 
400 00 
,000 00 
1 
4 


00 00 


2 
2 
2 
3 
3 
2,400 00 


, 
’ 
’ 
’ 


Classification 
Experiment 
Current Station 
$2,500 00 $2,500 00 
1,800 00 1,800 00 
1,700 00 900 00 
800 00 1,600 00 
1,400 00 600 00 
800 00 
800 00 
ralaterie erent 3,200 00 
ole) sfalainne ora tion 3,800 00 
Cr aatetaictare een 2,200 00 
hesitant ctiethe 3,000 00 
itfeo Bite area cio 675 00 
ito peiee mrerereter Sirs 1,500 00 
5a Spia ere tan fotos 1,600 00 
fon = Sake ere eERt lols 2,000 00 
2,000 00 
4,200 00 
3,000 00 
2,800 00 
1,300 00 
2,000 00 2,000 00 
2,600 00 
3,800 00 
2,600 00 
2,400 00 
fhe eee ee 4,500 00 
Sane waa partie 3,800 00 
Srontaehtet tock 3,200 00 
We Barbe eae 2,800 00 
Epa mistale soatehetoione 1,500 00 
eis See 675 00 
hfle mene ee hens 1,350 00 


Extension 


1,500 00 


2,500 00 
2,500 00 
2/400 00 
3,000 00 
3,100 00 
2/400 00 
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TABLE NO. 13.—Continued. 
Classification 
pci cat Extension 
Experiment 
Current Station 
Farm Crops: 
SEEVEIG Ac soe cecbeece Ob aise Cp need Gute: URE r EDIE ge 2S 1LOOLOO) hase otsas. cae haere Ae ees $2,100 00 
BAUR DEEN ce Aoeeiae commit ae ene Loe ee ha OLOOHOO SE lrcerinee she's o clas ne smite ete eae 3,100 00 
Rien OPPAN HEE Se a At Tava eorcicis So aiclarest oe ae oer ta eeeeebae TESOR OD a Shee eke seal oee oe ce eeeesats 1,300 00 
Horticulture: 
STRECTEIEi A Rt ee Re ie a gee 3,300 00 3,300 00 
Paeutopray tne setae ie cae aie ce rose eae Calcot st oe 600 00 600 00 
Potatoes and Vegetables: 
SES eh eee orn ee ene ee BODIE G I wu Beer oc te ee EN _ 3,000 00 
SSP ae Bae ES Sa Aes Ue ee Seema are ea 0S VEC DR RRR eae al oe deg ae 2,250 00 
SP ORUPTODNGE TER Ta atae o Sob conics tate aoe nets BOOK OOE Ne Serene hen |traee oe en «aie 600 00 
Animal Husbandry: 
PIDERISING Mate ak orca Ooo uae ae te Daman tee SRODOTOO Mes esene ec ac tel cess ceuees 3,000 00 
Control Insect Pests: 
S)LIGOAIEV AU, Gao Baa depen Agpe opp muneobece abide Naare 2 OOOO ate cb ie series NbA atta terecc kroner 2,000 00 
RT CTOTE TE ance PRS REIL Bern Ee ARO rane a Sets a ae ae ae PECL USEC Uigudll We eey See wt eck ok [se aaa teenie bay ee 2,000 00 
Household Engineering: 
PIGS IMLISE ater eer enact e arcrysvornie/ a's ciavtyaiete he chiiela Cis fobs SUEUR NI Reats coats re alle Naiactore ete. ae © 3,200 00 
DMGCTANNGR Teen srr mea eee Mart ea S Ns hits aerenieae me BOOROO ie. ce enerrceenlllneo tears eae mers. 600 00 
Markets: 
PSBRIS LANE ADIROCLOR tare eicter ae. nine one viielelael= ca jase ee BYOOU OOS Mat orse Bias Ce Site cee setae BAe 6,000 00 
ASTIEENTAS 2S Goleta Gatco Rin] Cac tec DD OuA Bes eae Cage A OOO OOM Sarat eee alia tem eat at 4,000 00 
TEST yon hie eR ee Ook GAO BER E Sa om Rae oer SMO Hees on ceccen steitlersais si Seyracern thre 3,500 00 
GZBMOO ae leg allt pcrat scare etre Bide 625 00 
OUTIL eal RCo eed one le Ree es AE FY 2,800 00 
ZEOOBIOO lish ear cemaetete ld eroepansin ecto erehs 2,000 00 
GOOF ODT eee cotetieeray sie live: ators, ole, cteiterests 600 00 
EEUU Ua bere Rl eeear BOO One ae 4,000 00 
OO) OD Mle Mcce, ory cretencheiale'| hs 2 tieleie-e carey oe 3,600 00 
GON) OD ses fe otiucrote tar tac/akes vac taxes, oftatotetas 2,600 00 
ZGOU OU sistas coateeelt cae clade omer 2,600 00 
County Agents: 
ABsspant ptateeaderyn +25 e% oon teeta abo cecle ostone Ss OOOUOM eile we asker Atlas eos oe eee tee 3,300 00 
PAURMIREATIE SVG UONLICALOP oe, oe crore vrei nase wiciore oe eve clases BAT ATUN, UF | Nie ae Re RA bape aee or 3,000 00 
PAESIB PANG DUUEO ICG Obes or ecco rcis Ae ein cain oy + ersleee 5 GOO OO aa Penne e sositoara lvoe cleo ore aes 3,600 00 
LOOSE AD NOE ee har) Aopen tre inks west Sam aycioiciesisie 625 00 
MEVSOTIOELA DOR sirare)= ayserrecaras sia ea nale’aicisee eis cate e aieles henlaseiaelp 600 00 
PLeHORraDMer sacs kata. isla. oik a stcieimare tera 1,200 00 
AgenterAlper COUNntyy sos ic <.ra acs, se ciee =e se cael « 1,200 00 
ApEn tPA epaMs COUT Uys cscre.- Setige savin tees Dosen ue 2 1,200 00 
Aronian INEnaWOGUnb ysis ss sos ck vse vin weisanereceaidee ts 1,200 00 
PAGEL OA TIGER GONNGY acces ee barec walonioni sree hele. es 1,200 00 
APENESATONAG WOUNGY >. «2 «ce victete noe beled. oe.6 sie On as 1,200 00 
Agent, Baraga County. 1,200 00 
Agent, Benzie County.. ae 1,200 00 
FAP EHtABOLTIem) GOUT: recs iets anece tik. cats Waniale ae 1,200 00 
PAGENE VBran Gl COUMEY: F 2 ciocsecicine coca eee bias neo ers 1,200 00 
Agent, Calhoun County 1,200 00 
AWG RACERS OY TT a7 Se Bike Bini ck ager pe Geeta Agee 1,200 00 
Avent (Charlevoix) Countyas. veces. sec eee se ald os 1 200 (O00 sive Paco setae eee ak ee tees 1,200 00 
Agent; Cheboygan County. 02.2. .2 0 sccee 2s. eaeeaces 1.200) 00: |e he a eo tere 1,200 00 
Arent Clinton O ouniyac set cic nace eee isco acioe ns 1 DOO OO Wesees See eee slide tena streets 1,200 00 
Agent Grawi0rd: County. shores cecde ket areas. E200 OO RSS a eae lista octsie seis eee ~ 1,200 00 
Apri Delia OOUNGVs Mrs se neh son cecil ore bisiasd eto na 1200). 00k Pt eben cee nctidee ee se 1,200 00 
ArontaDickMISOMOOUNGY sce: Sone oeleseles cote -vayeicisrciete 1200 CODy eee tea eee o. sete 1,200 00 
AGENT MAL OMG OUN br x to careiel aivise feel ere aunts &,'asone, ca ans 1 2O0V OOS lea eraeierceee a eae cie tp es 1,200 00 
ASEM MEDIO b) COMME 2 oinc-ovciiis cincisieo cininecle gave sce 2 1X200) OO eee eee era lected cco nates 1,200 00 
Agent, Genesee County..... ie BE Sarna RENO E cae 1200K0Op a Siena acice l'sieo: see ces s 1,200 00 
Arent: Gocebie: County: 05. <reeccce ce cewe ¢ Paice. a siete slain’ SPLIT TUR xt [ee Se ed Ee a eerie 1,200 00 
Agent, Grand Traverse County.............-2-.e++e00: TOUR DOA Tes Sacre se coil ieee atee cine 1,200 00 
AcentiGration County... s2ecscns tan onus sce aeesencs 1208) COW Wer eae ah aol ae ee Oh ey, 1,200.00 
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TABLE NO. 13.—Continued. 


Rate per 
year 


Classification 
Experiment 
Current Station 


Counny Agents—Continued: 
Arent Holeaton. County. ae-> ep rieeeeoee «ee ee 
Avente Ingham @ountyeee tierce cise isis aee bite einen 
Agent, Lonia Gountysee Gee ear veee eee Seeger: 
Agents loseo: County. seesyee. eects = eaaenec eo 
Agent ron Countyis. accross seiner vse eee 4 ae eae eke 
Agent- Jackson Countyaene: theta tac oea ere eaek 
Agent. Kalamazooleonntyenn nies oetcean acho aera ier 
Agent; Kalkaska County i... «ste ctoectnicwonc ericeten re tinitee 
Agent KonbiGounty esis tore eer oth cee one beeieter 
Agent, Lapeer, County a ateitetos Merion ce hore ners ciaalers 
Avent olenawee. COMnty: parece oo. ote a ieee metas 
Agents Livingston County reesei aera see esasial 
‘Avent. Luce County .ccet csi cle ieee eect heat 
Apentevacomb County os cles eirs Haale cela 
AcentwianisteeCOuntyass tastes alert siesta seer 
Apents Mardnettecountyenniss avec ise cee 
ArenteMagon; COUntyicacccusiaan verees alee ane creer aes 
Apert. Mecostay COUnty cate -niaeistarctsictete ts stnts etal fale ciereste r= 
Agent Midland Countycmute ens oe es ce tense Bees 
Arent MonroelCounuyen ecises tice seraire cram anae 
Arent Vontealm: County oscars er eee eee cee 
Agent- MuskeronOountynssescnstieciee cst nek pialenieer 
A ENIn INE WAYEOy COUDEY snemeh coat einste ere atrs raisers iaieutioe 
Agent. WaklanarCounty, ate sbicec wee cee csaleeieeys 
NG enca Oceana OOnntyamace ieeienueicne me cei? 
AP EDTA PEMA COUNUM ma eeni ites 4 cl oaniisish tapi 
Apent,Ontonapon) Countyius (1466 = cise sai eres 
ArentsOsccola@ountyackiac seis so tieck aoe cio meets 
Agents (OtsexoOountyes eo ctoicnce kine ates vite egy nee 
Agent, Presque Isle County 
Arent Saelnia we OUnt yi deietercters “cies cicicina erste heise ieee 
ApentssanllncrOountyeeant: otek ucieeiek aereties eater 
Arentaschoolenitt) COUNbLy mtn setae eit ere 
Aeent-whiawassee County. seen cesar ast ueee nee 
Arenta st. ClainCountyaaectiasscunn totem ate me cere 
Apentosus J OSC DOMOOUIiY recta t.t tiie serie st nai aemisenaee 
Aen ty Us COla COUTLY srctacthetinr erent esr eetecisroe 
Apent-sVan Buren OOUnLY aiokG adenine ke eons 
Agent, Washtenaw) County. 2.0). 520. G on asaeeeidae sie: 
Arent. wWavine Countyanern gece et eciakie tena acetates 
Ament) Wiextord Oounbyatste onic heck ae stin niente 


Boys’ and Girls’ Club Work: 
State dieaderh otis 348 are rhs oer. Sete eee aes 
ARSIRLANE Otatevbeadenzen qoccie srt Ne ceisicisiets peaches ee 
IANSSISbATIL ors cete tiene Scans cessed Wales piles aoe LoS 
JARBIB EET Daves sere Saeres Ge ate laksa Caste Sale ausriare alot kere ord 
VABSISGAN GhiceSceh MRWEaeee Shei stout crets eset mncnetal plore ee eects 
Stenographers: smears ei tetra ae attests eters Gee eran 
Htenoeraphent ec Sepecehicccreaniei an rolerttets ase ort eee gaaaeares 
IATSBIBTATLG tsceacttcy, Ate, cieeretey cies ol eia/a eee eecions ee 1S eestor Rebeetee 
Avent e Barrys Countycp ane cacrin essen ou eee 
Agent Branch Countyjcn oestrone 
Acent,athoum County Anvetcne scr cisetis dace oes ee 
iAeent,.cheboypan!Countyan-iaaes ser imsnc] dae eee 
Agent, Jeilsdales County <a aces cence tis:sts. © ars oleae ale 
Aron tron County. arises, ans ante nee eee 
‘Agent, Jackson Countys- c= teins nine ne ec RO ac Rees 
Arent Lenawee County scm suticir kits cenit emt 
Agent, Livingston County... -.. 5-2-2 osce- cot eee tem 
INGD iis WEA Chin AWA owe BOASBAG ane CAD Onb eS Te 
Aeent Oakland @ountyes se sts ceaatns aeyeaeee eet 
Arentuvan-burem County acascssunioes sete cee eee 
AP ellt, WV ASHEN a Wa COUN byeceeit vets atetchoreloreiiers ie aeictearers 
Agent, Wayne County... .. Tard decors earch eds ea aa 


$1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 


2,000 00 
3,000 00 
1,800 00 


Extension 


$1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1/200 00 
1,200 00 
1,200 00 
1,200 00 
1200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1/200 00 
1,200 00 
1,200 00 
1/200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
1.200 00 
1/200 00 
1,200 00 
1,200 00 
1,200 00 
1,200 00 
15200 00 
1,200 00 


2,000 00 
3,000 00 
1,800 00 
2,600 00 
2,500 00 
1,200 00 
1,200 00 
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TABLE NO. 13.—Continued. 


Classification 
pao - Extension 
)xperiment 
Current Station 
Home Demonstration Agents: 
SUGIN GET E) NGTA Ie ae ala CP chin See Se ee a SCOOIQO TA Res fattest ae es $600 00 
APENETINOMWOOG) COUNEY os ocinenitee eecie eclettelew sie ee APOOOROO Ms |e e ter toh th nts oye | ete rene poe e 1,000 00 
AGENT altMAZOO COUN sy. cllossarita dee tesiclale iota « ASOOOKOO boat tintsotn hence an eee 1,000 00 
ARENT MVIATOUCTE: OOUNtY: c.. ciccute ciate nas stale, ayete olacc’ TAODO LOOT eceares etek oer all eee Were 1,000 00 
Aronia Oakland County... 00<s te. ool se lie ctlencicie ciets OOO O08 Sam kets cee eae eee oe 1,000 00 
Apentny Oita We COUDLY isk cisco cere sel cise acu nemees ADD OO Sara nstecace ee aeaae 400 00 
Ae ie A Leman COUNEY ii). cctools tn ctor atais 12000500) eas oy ceo bee nee ee ae 1,000 00 
BNPOUC AV AV TEN COUN EYEE cite sfalt clei Seichalou stasis haresiens'- AF OOOE OO! ree es eo liter eels OE nen ee 1,000 00 
Vocational Teachers Training: 
INTER RS OS 2 nas SOO ORAS DE BEES CORR DR BERT oe Heer SPOON OOK ae ack. c tea ol tree eet ee tore 5,000 00 
PASS ULALE HELOLERROI scope cele cick rae hae ie can eenio ns anes SAL DAU are heiinnch ht NBER AA Sr Ane orl § 3,200 00 
FAREIrO bee EOLESSOrefanyo san ao ai ae ants eae eee: SO DOO [Rachie Cod econ | Sete eee ee 3,200 00 
PIQUE SSA BGG RAB DRO DED CHES CORE AR OOCHREES OGRE aay ese AE SOON OOK liz sete sae oe ace eee nee 4,500 00 
LITER 28S SERS CBOE AOGHOGe SEER Se en an OBE rere 2 S00 00K eave ocee Ace eee 2,800 00 
TMSICRCLOL S Meee arc so bhete aesotein deodorant ZGOOFOOY, ees niekee me ee neem e he ren eee 2,600 00 
LCMOPER DE tiara trey eicir.Eccta eee hesitate te oiae 1 Mes YH), (0,0 aah cet ce} a WA A a as 1,350 00 


Salaries Experiment Station, Fiscal Year Ending June 30, 1923. 


IC ELOHIIT” aonb hs Se A CES ORE SOCIO cot ROLE TEE COPE Sick Re Re ge $2,523 35 
PRPRISD ATE EOS IRCCLOLS omni meee tet ters tte rete cera as Peale tvs attain es aie Tene eee eee er vancl tte icin 1,500 00 
BREUURTADHGIME ete piste is setae tels cae Miele sei aicte/ is sth eccar sete rahttensie Nahter maton cite es ee aeR 550 50 
LSE GGL EE EG sl-tle ent atte cette BESSA re  OS GUE og aE ECE ECR IanE rea aie, GL 1,600 00 
ERAN CHOA SHO OI LedN DAC LELIOLO Ry tackle mre cine talc, clr eae eine atte Nelo elena aed nee 1,600 00 
IReseancheAcsovinte tba CLEROlOgy.<. <1c.cle oleic sce cde teeta ae aie heise « aiclge eclete Ga aneieee onieelets 2,199 80 
EeScaneheANSU Ia tena c LenOlOp yam 2am dant coenisaiciast oe As nen nak hea See bie ee 799 90 
ESeAnC HPA SSOClated MU BACLEKIOIOZY. . .emrcee tcsrere st sls id a abide ae ced sees oe oe weed renee ere 3,600 00 
HUERPeane PA SSOCIALE ILI A CLENIOLOPY, <i, slern aevoera ciel okeie) be slate t Oeics © Sele nicietas Soh arora ena 2,800 00 
PASEO NEA CNO CIN LO THE A CLETIOIOR iat ce concise och ae Pere sae ae tee Cares ee eels Se Oars 3,115 70 
JACSTELIDEDE HTL LS aig ol afar Na 0 a Pe Ne ea a ee i AR AAI gee oR ns Te 1,600 00 
JVI TALE TTL LEE eat ea eR CE alee ga OE oe aE ee ye ety tipo ot ue 252 80 
ERCLSULLIS Ey CONANT een IN ee ere fare ey se rcrsyn Sys aid ck cregay aiafars'a%e ovate oie, senate Aeron aise 900 00 
RLGRCHTCHOAGSISLAN TIM RAD tee abn OlOp == isi clarsrarsee ayclreres aie oascsenscie! He oraicaleieeterahatiaks ocmteietreraie 1,900 05 
NF CREANCHEASSINGAN ENTE MI YRIOIOR Vie carrera cotta oe oe ences, sonteinre otk etatevave ticiaeaueetnatelerars 2,432 60 
VCREARGIVA SSInfAn Lv1N Ys OLADNE ROR cantata sc ter tye ha enein te arc, seh shamakie Riera marae tree 2,400 00 
HREARCUPASHISUAN GIMME UAN Gre ab NOLO Yrs oo cries Siete clavate ates cnctare,s cyeitia sie ase atti siatat remodel Saeroomenereiate 2,116 06 
REREATCHVARSIStAN GMIBOLANY: Mia eaastemcnis ck some snice ekeiaae ak = cee Sse ae aee ne 353 80 
(CURGFTIVISTH 45 i/o RIE ene Nl lh gna ee a le OR en Rn Orel a oR tee Ce 4,500 05 
eNeARCNPAESOCIALE 1M OHEMIBE Voss acisinictseies Sais cnuhe eiiete crevelteeteres has bcecieias cies tio eet aseecethe 3,800 20 
REREPALONPARSOCLSLEANA OG NEMISH Var cetch is ctor har cietoc ee ene erate ea crepe enteeke eileoithe aie thread lolane 3,200 00 
ANRCTIE EAT Ten (CL acre Giana eel Be Sle le A Deo OCG SG ERB Ani REAPS GRIER Seca cmt Paid ee aa 2,800 05 
SIDE TIGRE STAGES te eters sree te near tt aN ae Wtea de one A Pt om rsere arth AMG cam Soar ae 675 00 
PASI heal PALI SATIN OOD e cyn terete ero oro Ere ane age lt ae Seal ete See fete eaianes semen ey ates one 200 00 
GIG! ancien Ure ie Org) OSA tA rar ale Spe SO Oem OO Ca uC e ie tS ee ninr n  a Ae 401 00 
AMATE ahh Goria Wie Pre io Ae a GAP NGEInS DIES Hench SE ee Ces EEL Oe SEE) Ie eral 1,400 00 
excarcneAnsistantin Amma PMs DANOry secs cots tetine «ie pisracicine ioe sine emnie eae ees Oe etna 700 00 
BIRIE VET US NIU NIA TCE i foe oy See recat oste ate eee a Pate ele ade AS eee Pee ee atthe rate ypieiee e iaAs 1,000 00 
RGSCanCIWABSOCIALedIIADalnvinpins.ae tne yie cee een) een SSL Te JW seme Sen on 1,000 00 
Renear CheASsOciaeulneD ainving re bcs e arte eit c Sdencrss tee cu ncitee eid ice Le Naat tents 367 00 
RESEALCHYASBISLATIC ITD AIR yITi ge yae ede om nies senses Mean moe in 2 2 Ng OMENS oD pee oka 2,400 00 
IREAGarCHPASSOCIALe IMU AInUINE ty Ph ooes cent erhcey ies arc aisle eoiien’e slciomto tee Soe ae nee 1,600 00 
HIT TOMO LOB INLAY a ey ay Os eee ease Lope tare nN Ses ays hac aia otal es Suan bareesh Saale ak aay ete Tine 1,500 00 
enearcuPvApsoclaLemleMnLOMGLOR Vea ee ecrcre cee eee rice rss «mc cre toe aioe mmr mentee 1,957 90 
RERGATGIPA SSIStAN LAMP MmLOMOlO Rye sac rrcl. ca atte oei sein erPose ie bereicic cick d/=, ce ste taia cleisyelcsaeataeinte ors 1,400 00 
STAN ODS OX DELIMEN LEN sys ce age rate kcNt cea recster oral hancte bysucsetelsnaret arerevenat tgs etait die an a te 1,500 00 
teseanchwa ssoclatedmblants breed inp neice enn acvas See la tal oe wlattth cherries canoer eerie 3,000 05 
ResearcbeAssociatelnen Arm ICnOpsese pela om fa meets c latal sie Se ceiness letenc oe oloreomeiia bicone 750 00 
SERIE UERUB TINT OS en Cra) ecg ere ABE RGR IGEETA aoe ECS COD SCO RED an cabomt Gee aber 800 00 
HGReAr CHPASES Lam biltl VA ANIM" OHO teste etic, Taccis: chats sans deci muctotre caren Sees ee okt ae ee te aeicre 1,800 00 
[dnany (Cyxayoreisl Dy evslari rity (hte dy & ser Oo Beye pated eee a ne te ihe Ree Al PPR Ga NE tO heal 2,400 00 
ESCALCHPARSIShAN AIMeH ArE CROPS i necsyoc wre cc eis cake eccie ate ere oe ree clevete relat aed Sr Iar Ne er en felons 700 00 
Harmulvechanicsibixpenimenter eee. trai os aroccve eke crxctoigccwret sath aiala aiedrarate aes oratories ete Sleteonke 900 00 
PARBISGATIEAIN EM ALIVE CHANICE sero tacrars ree oteye alaceteva lc, cinh aie apoeraree mast clolcielele cachstotete sleet rapes 1,300 00 
PASAISEAM OOM APIO NEE CHANICH 5. ees.) s cles ka oie uals Sonic ahi ale aise aiaie et cd Sai A SNMacerd 1,200 00 
Ie de SII CR St Fak bore eS RRS LEN ae PRS PERU on aE AOR Pc OER APM RS CA RIO Pr RR ot AOC taoe Ce 1,000 00 
JAGCIR[ RTH EaLS Fe TCH Te art eRe ayce eben eet aera end aA ae maa arama 1,425 00 
escancHeASsOc ta Lelie H ONPICUIGUEG trace tore cee otentrotau clare al ar clara tela eee Meee rere 2 3,000 05 
Asaistanitiine Horpeuliureme cance tse reais irre di cre ean Woe ne OL a eRe ere: 500 00 
POM VALUS ANCA ee ne ess eet inate seat hn! cha ivy fine ce atetela atone iaharaberiete soaeteha 800 00 
DOUREDVAICISiRieete mene Nett ents Soci senate coc cree cla re RTS Arete rene ee Ne don Nee 2,500 00 


INERCATCOFABSUGIATCUINODINS MME a trate: ae cece nee eee oe Oe oui 3,200 00 
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' 
Salaries Experiment Station, Fiscal Year Ending June 30, 1923—Continued 
Research Assogiate: ni SOs... o5 canoe tee oe on ee eee ene OE Eee ee ene ; $1,749 50 
Research) Professorin Sols: sep yrrse sa eee eos Co eee eo nee en ee ene 3,800 10 
Research Assooiatenn Sous ioe. sat cessed tec eisai sorte ea One ae nee oe 2,200 00 
Researoh: Assistant in Boils: 2). 7% scolar viclsis ow octsineiake elmo pias ep sesame ee ann eats 3,000 00 
STG DRAGIATES Ae clei Niediaare sd w lec EO dae, Soe et Ee See RE Rg oes ee on ee -400 00 
SE CEGEALY ic cccot es oats sy Scape cisnare pe eI ee STR Tore eee oa ee 500 00 
DE GABUEERS. 32 osbhs:6 aicleareiscter see oe oe Oty RCo ee ee ae ee en ee Ee 500 00 
TBOORKEODER rds ok reieaik mene Oe ce SRE ere eA ee ECU eI ee te EEE eee: 400 00 
RS LLL GUs5 RUG) (5) ct an eee a hey tree ed ie ein aPC CR ene rid coca eon be 1,350 00 
StOMOPPABN EDs aise. 555 Ae Maee ees he ec Ae Cet cei OE Napa oe eer ere 675 00 
PSs fea 240230 ee Ng Pe ee I Se ans Aa Ak NR me emi Be EOF i ig ie AMES er 675 00 
Sieno raphe. oe wcrrtinh ancients ole ae ein SISTER AREER Seo oe eee On REE eee 450 00 
SCONOLTADNOR! Aaa eilatoe See cata oe eee On ier eee mee a Eee : 650 00 
Sfonographer shes seis Seick eset a heehee ae eC POS fae CIT a ean Senet eens 672 90 
Research Associates Animal iPatholopyvccumrctne eee seek cot eee ee tee ae ee 2,000 00 
Assiabantsin HOrtlouleine seers acess eae ee: caice saa nee ete a ee at aera eee rar a 900 00 
Research-Assoviate:in Horticulture ss... Ge ook ac ore cent eee ance oe enennee 1,407 30 
PASS LAT GYIMISOLIS Sa APPVA cee ie oc le e once recs varnt elo OLED Ses A ote ees Ee oreo eo eae oe 1,600 00 
enpas Oh Asso glate nit SOUS se cu feces eo ae CET oO ae ike eon ie eee 1,600 00 
Research Associate SOuse.s .o.4.-cece oat hahah ich saideriee Mier oeins ae eee ecbteo teimeneae 600 00 
ABSISt ANIC ANUE lANG HP ARBOIORY.< sate wctiecro ton cleans nate hee oe ene: ea eee EERO een 2,366 00 
ANGAIStANG Fit MORIB Hee oe ct aes eins iantie Se mietls hele tty RPE ote ee TE eatin oe ae ae ee She 2,034 00 
Stenographer...2........ PALER EAN ES ae SRR Re ae Pe 48 eI ned We Te ae Ne ap Yn a 791 60 
Research Assistantpn Hortroulalre. nz ccc nr. acc Micra nee er eiacicre nie. aelonalenmierma tie 1,936 30 
Resear cnvAasintanr tills sroqrctos ferent igre cee oe Te SE LE Ee a dtelraroi a  inariehsooe 900 00 
ResearchAssistantanarmOropsecnn\ oc core cotta: tment ee ee le oro eee ie cteieine 915 80, 
Superintendent, Graham Horticulture Experiment Station..................-..... 000.0000 2,100 00 
Superintendent, Upper Peninsula Experiment Station............ 0.00.00. 20 ccc cece eee eee 2,284 70 
Resear cneA ssccraLe ame OLhiCUlgureeise | maces cace «xsi Cos Cen tone einer 1,413 60 
a Ci pte Ln lc) ely aoe a ea se Mn Fe ee Ee a eC ee he tie oe es 2,078 70 
ABaIBtanit ami SOL peso tae Neither orotciay nek tee Ce ne ae NR ca hc arsesteliaes teeta Se 1,500 00 
Graduate Assistant in Botany Experiment Station................000eecececeeceeesteseees 802 27 
Anastantin CO hemistry:ert os sacnc cee coe eer one ee Eee ne coer tree erect 1,125 00 
Research -Assigtant im Horviculture.s ccc s caice sore Note eles poeiae aieviciele elev vate wieismionisrete P 450 00 
Ressarch Assistant nr Horuiculbures. Aan seraaeaciaotceetee dt ea eet nae ications eae ier eres 375 00 
ARSISGANS anit HeEMUSeRy A me clcise ne ck Nara che iets siorarhe erie acre e Te eLe ETE arene eae 303 20 
Superintendent, South Haven Experiment Station.............0.c0ceee cece eee cece ceneees 700 00 
Assistant an: Dollsscuseet nie sniecls ose Be NEE RAEN RD UCR cee SAO ECA LAE Sof iin 600 40 
INSAIBTANT AM OMS Mae te cis Acie oe cesicleiae ciclo ware cia eiseaiare hee alae eleletere AE TSA OM Ge testers 450 31 
ASSIBLATIG IU DRI et one eee icy eae ie aia rane oo Berea eo goraie otasatahe hee eats anteater 450 31 
Graduate ‘Assistant in Diandscape Gardening. 4.0. 2 csc. sa. ss'slelere a 2 2) - le atte sistant 665 20 
Ansistantiiny Chemistry accent oc ence ations cle seicn cera neers HER Ree atin t esp oric 496 30 
(ASSOCIA GOIN FLOM GIN tIRG 1% atnecoe chcctorscs ote & chose txer telah aye ie stoke nia ea apiece SPT SPe Re eee 301 65 
Mata sais coc ennd clchs ctais ale, b aierevarere: o'sve:erale wie over te ete iw slerebetesd albrsep:e sieietsrstetelmercket retoy stellar prerstarsletNvers eteiete le $138,191 10 


AGRICULTURAL COLLEGE ACCOUNTS 


TABLE NO. 14.—Income from all outside sources from date of foundation. 


39. 


From State Legislature 


From U.S. Congress 


Morrill act | Hatch act | Morrill act 
Year Land sales | of 1862, in- | of 1887, and of Smith- Total 
For current | For special | salt spring | terest from | Adamsact | 1890, sup- | Lever Act Clee 
expenses purposes | and swamp] land grant of 1906 plementary of 1914 
land grants and experiment endow- Extension 
trespass station ment 
105 Tics oba| AERO A GOeA Deeps HTB PLD CT | eeeat ie erie Sal earn aeeesi [ies ME NER rats | | Grninbarge fa od $56,320 00 


40,000 00 


37,500 00 


6,652 25 
10,218 97 
9,407 80 
9,726 09 
16,156 61 
16,094 27 
27,608 38 
20,592 49 
67,617 96 
24,040 95 
36,671 26 
28,642 70 
48,467 19 
42,814 11 
29,984 17 
32,996 76 
52,988 72 


sre stay oP ADSLGLDALU SE GTAUE CU Se RUA Ut ee eeeine | joerc pCSoceii| lace cana sce r 28,470 49 
acctic’|| ee) GEERT a(S 2) 124 Te CUR ee Sen] | SericomSsredoes| ote ssobctor 38,730 56 
BE te, hg ary MSR E EEO AEM Oar nbwbioys 30,674 91 

Peels ten hee COOLS RADE OO LO, Goes co le ae'e ora elaaeilleinfe le « ertierava ate'n)| nlnininls iale creel 72,366 70 
= Ee] |) CPA) SCS 12) 17) 7-2, 2 Pe cll ip einen ao ccd| cerneen icic 39,060 41 
ety | OOO UU ces Coo CUNO lL Galle GOs CEo OUI ois « «ips tn ellete ce) ercitcroicl esate inh~'afete avnyer ene 63,319 52 
cessorfia) es tHaethy UU pes UGA naUn Uy Stl GS UR Us ea aa Led [eee (doi een Soil jseeitc onige oe 48,080 65 
eee | oeersersetr teat te eI ACO OO Me sod) OU} 1 LOC COMO. oicre ois ote eicllteyeials ete cio1~ oo eheiell shane F «lai «sei m6 65,060 90 
cool leeeme ce Sede sal | RAH GE a a et Pail Dane aidinetedoceel Ib gne tesoenocd cmpcnicsecat 53,078 04 
arcocalloseodecagnacs) (ieee ale Ua 11) PON Miia Ey: 70) Wile 7003 0 OY | etal Re Ome nrial Pen Ane Ror 68,849 57 
_adésl |beceoouraraes 323406) 601" $15, 000 OO) orto ete sete, ccc =) a worsen sein < 78,303 30 
SIOZ a 00 Los OOO OD | eccmeme antares arlene 67,306 19 

32,360 64) 15,000 00) $15,000 00)........... 89,771 14 

34,750 54) 15,000 00 TG SO0O S00 VS es elesie 88,735 42 

34,948 12) 15,000 00 Ul//A NOTH gee co ron 90,033 00 

37,927 04) 15,000 00 TE SO00) OO |e eects 89,800 04 

44,527 26) 15,000 00 UY CONGO Gas Secae 97,823 35 

45,301 85} 15,000 00 20000 00 | eirereterernctoters 99,312 35 

43,886 40} 15,000 00 PAURCU UI) i aererneariae 95,886 40 

43,779 54) 15,000 00 PPAU LUAU Rene Goonr 98,479 54 

47,508 28; 15,000 00 255000} 00I oe a ea 103,008 28 

52,526 11) 15,000 00 PE SUL UNUM ER Spine ci 100,981 11 

72,298 38} 15,000 00 PAOD sp oee ee ctte 184,973 38 

63,976 79} 15,000 00 203 OOO 00 ce ramae a: 176,476 79 

64,081 81} 15,000 00 25 OOO 00 (Fy verre ayaclere 205,081 81 

65,573 90} 15,000 00 25 000/00 [irises sar. ote 206,573 90 

67,312 37} 15,000 00 25; O00} 00) at8 a neti ere 208,373 56 

72,035 32} 15,000 00 20000) 00 Recast 293,035 32 

70,286 56} 15,000 00 7 283,096 56 

70,155 22] 23,691 60} 25,000 00)........... 293,256 82 

70,385 79) 23,326 10 305 000100 | eine tore. 298,121 89 

69,527 13) 26,000 00 39 000)\00} a. yatcte,crece- 304,937 13 

71,109 49} 28,000 00 40 (00000) eecaet 313,519 49 

70,304 15} 30,000 00 ADS 000500 ie res are 319,714 15 

70,265 32} 30,000 00 502 000/00 |= -e ses 380,065 32 

70,289 30} 30,000 00 505000) 00 eer a2. 380,089 30 

71,324 94} 30,000 00 BO COON 00) ee rteracten a). 381,124 94 

70,385 46} 30,000 00 50,000 00} $10,000 00 469,532 71 

71,391 56} 30,000 00 50,000 00) 28,032 37 740,423 93 

69,437 43) 30,000 00 50,000 00} 43,059 35 753,496 78 

70,502 10} 30,000 00 50,000 00} 58,086 33 769,588 43 

70,662 44} 30,000 00 50,000 00) 73,113 31 784,775 75 

70,736 34} 30,000 00 50,000 00) 133,221 23) 1,218,957 57 

70,685 37} 30,000 00 50,000 00} 148,172 80} 1,233,858 17 

70,838 32} 30,000 00 50,000 00) 151,585 39} 1,302,423 71 

70,618 98} 30,000 00 50,000 00} 159,913 95) 1,310,532 93 


Totals. .|$8,821,490 85|$905,937 74|$101,723 66|$2,478,308,21|$776,017 70|$1,145,000 00/$805,184 73] $5,033,662 89 


||Including $2,750 for institutes and $500 for weather service 

ttTo June 30. 

**Weather service. 

{Including $5,500 for institutes and $1,000 for weather ser- 
vice. ***Wxtension. 


*Including appropriation for weather service. 

tOctober 1, 1886, to June 30, 1885, nine months. 

tIncluding $5,000 for institutes and $1,000 for weather service. 
§Including $5,500 for institutes and $1,000 for weather service. 
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TABLE NO. 15.—Summary of College Inventory, June 30, 1922. 


Division or BumLpINGs AND LANDs: 

Department of Buildings and Lands. 

Buildings and Lands: 
Gollegetfarmvand parki6tl acres im. sce tocar een bok cne ca RRO eee he EE eee Gene Leen Gee 
Lot 2, 3 and 4 River Bend addition 
Athletic field and drive, 13 acres 
320'acres'swarip) lamas <2 4/2c 8 eee res Sh ee aes har, Sone NON Ga coral aie ren Refige eae EID ch en ae 
Purchased(CSD: Woodbury, farm, 1916 ;o08 Seracrest), ors saiccerae beeen eee tee ete ae ee 
1 acre, more or less, formerly belonging to Harrison, adjacent to campus 
Purchased in 1913, 27 acres 


Buildings: 
Library and museum, built in 1881 
Wells Hall, rebuilt 1905-06. 


Chemical laboratory, built i in 1871, south end addition in 1881, east end addition in 1911 
Veterinary laboratory, built in 1885 
Horticlturalilaboratory, built 1888) ees. nao sc cee iaatess cree eloteio ne wie.) aise het ta Oe ae ae 
Entomological laboratory, built 1889, improved 1897 
Botanical laboratory, built 1892, improved 1909 
ATMOLYs DUE TSS = BPs ste hook acute eee ace ons Gr ahora ie ee aie yarn ae One ee ate eee ee 
Greenhouse and stable, built 1873, 1879, rebuilt 1892, 1902 
President’s and two frame dwellings, built 1874 
Six brick dwellings, built 1857, 1879 and 1884 
Onoetirame ha tise ul GAL SR Fe eee cok eee asc cane eee acerca ved ne aac lec elec eae nee 
Howard Terrace dwelling, built 1888 
Farm house dwelling, built 1869 
BulliparnyreDuesGOpe anes. eset cease ce ce ae cre ome io aaet etesok. ee ee eso cere 
Sheep barn, rebuilt 1906.. 
I (jefe ati von Poe Oy LE LETS) 0) RS eae ne ae ae a Re Re MRS Oe CON Ss ie SOT Ba Oe ine 8 a he a WRN be 
Grade herd barn, rebuilt 1905 
Dea egeg5 ph Safe] OL ead AS EY Cee ce errr AP Sl ie RR Ae Bele Re A eR A Yak Bein metton 
Dairyabarny reuse 1 G00 see, stats exe See aie Sane Pur aoe water cee oOo eee mace ee ees 
Poultry house, PRN Gal OO ein 3 oe EONS Oe of ae ee a een ot, fhe 2 pen aay ete ne er ea 
Incubator house, built 1906 
Roiltryphousen DULG LOO Teens ire eras teases Ge sie treo cles cy cane Ole SIS GE eC ee Eee tres ae eee te 
Three poultry houses, built 1907 
Ten brooder houses, built 1908 
Corn barn DULLES Soe hehe es settee renee Gore ented Merc ate ie nee Grane BE oe Gee ae ae ee eer 
Observatory Aburlt mn SROy 6 Soke Ace dn eres. Fapatc wasters righ Seinen Calece eet eat t eR ART OER eae 
Bath house and fittings, built 1902-03 
HOapitaDUUt RO MA Se er oe Se AN EI Ie vertu tas ah pe etek fete eiekal eget lo ee kee aera oe ae Peete 
Waltimnpiroom and! booksstores built 1902. ¢ pci sone ohao ci morte ocleraoteos See ae rices oes eS Reena eer ena 
LOSTTLCTE (YS i op Re Oe A ee Vee Dy OS TC eee WE Ld chistes 5 Lg AAR drs on Sd rah eae mre teat Ac 
Women's building bulb 909 snes sic icieeatee © cate ierceeeeent: Somes RAR SAB SNe ata Oe 2 
Porestry building. uiltiel S00) spre scsecczor ste cists ote anaes ie) aea ets be otistess en sen eae nce tea ae Ce ER ae ere 
Bacteriological building: buitst G02). 3. vcicp us ceoetecrern ce, haces sie dale arenas ne i ce eee bani eve acts 
Powerhouse built lO0s Soke Se ae vS 5) aa tele 2 cst Ras Bin cae Sea see seat ON RR ran 
Tunnel system, built 1904 
Gold storare sre alt LOO cic cet rececesn tenet re oes archer Baap oe TE ed Cot eta, ere eh CEA an NE ere We 
Tron'bridgeiover' Cedar Rivers bibl 888 5 sce secs) ales cecanst ciate ope s erste eae ae ok Cone epee fer tealee ate 
Bridge to athletic field 
Man tureisled ic Senco o cc ercaenare rarer ot ere oie RCE cre IO ONS Tee ea Enis ota reve eet aT Rene ate reco 
Four hospital cottages, built 1909 
Agricultural building, “built s1O09) st ins pers otetsie sis eecst ne oe ee te te eel coc eee TO ee eee anata eR a 
TiletSilo: Nose AO ae be eee aE Aire treet eh oie eheieete Bet Site ole eee ea ae ene a 
Rigzery for serumiprod chon s.son caeus catieteunsicle aes tase re red Dee cio one ee Re RE San ara ees 
Twotenant dwellings: burlG9lo secs tons hr ae alee SE ee eee eae Sieh brit eames ar es acon prea 
New Dairy building, built 1913 
Tile silo, No. 2 
Tile silo No. 3 


Rorestry, Packing houses: 0 cece tte ee oe tate cee cL oe eT a TNR ep te ye sien SEAN Sas tat rate aera rete 
Veterinary laboratory, 1914 
Npecialichemieal Jaboratorye eke tosren cos Aaveis Cs aoe Peretel ae tate eee re te ce Et snle Sree ese stein tate ce ea: eRe ene 
RE Olds Hall/of' Bngineering Ol Gio. ts sass ieee oe eee. Ce eee ois cin ots eran toe, ose 
Shop No. 1, built 1916 
Shop No. 2, built 1916 
bs aYo} ails Ko Mas i oft (aT?) | cn a A cs I and Sol ong TF Os nike | ei et aa sn eer Stree eS on 
GYMNASIUM: PUNE IOGear pecs eels race ca tee Pace Oe Ey rte SEF SST NETL AO 
Shops and storehouse, built 1919 and 1920 
Bovlershouse qbuilb slog Lx, Pos Aa, cece SE to de tocar Aas avers tea ociclece 'e See aries aoe icp Same RAISES 
(OFAN TG Ove ree oat tot BY )?-9 VOR ees ana ci hay ota rg eM Eon aL By fa el ie ae OD Ee ee, SBE A oto so COS Ee oe Se 
Entomologicalilaboratony 192 Uo x sec kta icre eine tees eRe diana ve tac sisters ona teataca Pale eral ieee 
Addition to poultry house 


$67,100 00 
4/000 00 
1/300 00 
960 00 
38,602 50 
2/000 00 
3/375 00 

251,795 00 


22,000 00 
55,000 00 
15,000 00 
35,000 00 
5,000 00 
7,000 00 
7,500 00 
20,000 00 
6,000 00 
6,000 00 
12,000 00 
18,000 00 
3,500 00 
13,000 00 
2,000 00 
1,500 00 
2,500 00 
5,000 00 
4,000 00 
1,500 00 
4,000 00 
1,000 00 
500 00 
1,500 00 
300 00 
250 00 
400 00 
100,00 
17,000 00 
3,000 ,00 
1,700 00 
200,00 
91,000 00 
15,000 00 
27,000 00 
25,000 00 
45,000 00 
2,000 00 
1,500 00 
500 00 
600 00 
6,000 00 
182,000 00 
500 00 
1,000 00 
2,400 00 
55,000 00 
600 00 
600 00 
800 00 
1,000 00 
33,000 00 
800 00 
155,000 00 
26,400 00 
15,750 00 
14,500 00 
220,000 00 
34,000 00 
153,000 00 
900 00 
3,400 00 
1,800 00 


$1,756,632 50 
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INVENTORY—Concluded 
DIVISION OF AGRICULTURE: 
WaparimentomaAprreulcural\ Mducatlon? Soe ssi ak salts halveisteesisie eet oa wrlce tio PAD Oe vate eben eas 
Bb emt mlenioneA mira ler (soa NON yy seve asset = sre seraie erred ree laos he ects eck Bie ole ee Att CR te 
BleRnnnen Morb ainya ERIS DAnGrycce sn. -1oc os.a5 ete ces oe oer, winiatla Rratcateser eerie ores Ode Foe MO ee OE ee 
FIERRO CAIN O LMA RIC UINULE Stas cite ois :cocvcvc artis fiers arcte, ho kipare oe a aah ole ea ada ae eI ee eee Onc peer 
LD ISSAC a) Od Nyt] Oya02) 0 aoe eee Rn oe Pcreaeaines, Epa ita en eae in An See SPO Cr ey gi te 
WOpaLtMment Ore Arm ANG ELOCSES <1 cheers. i uleralonrete apace 62 hate noe FP aah are Sn Uae ie oe OS a NEM coolers 
DlopankMene OL arity Ol ANaeMeN yeas scm ts oo sisrs sx bose notordyate niclinle via eke to at oe Snes yee 
PD) BRALEMENERDIHMarmie ECAniGss. coh see Soha ace teats wcolsld 5 Shane ee AO ed a eee: 
VG cL IMEN OL GLOS CRYO acai ser cise etalk Coser Aa mentee avr oe aetna aera oath eens Sane es 
LEP STeTUE 12 GLUE Pave eee ae eae ea Pe ee PO EES, Se SP Maton Choe Pare ea 
DAP ARANE Ole OU Nir El US DAHOEGI We cates SACs 18 ie apie ciate Svc niohd mere Soe ve oi eee ier ey, 
LSeyhastimints (1S) igs as Saeed Sane et i SNS fa i See a  tert cene pm ene eae Pe eee 
Division oF APPLIED SCIENCE: 
DS TPEMaTin Ol DAG RENIOLOI Ysera oe ae ee ASS ae ier See cee ee ere Ot eh ON, Ses chee 
DRE Pasar kvTaes Ta GIGS CATER ee Pees A wee ed ce cic fC aed sate otha HER eo es oat Beate eee Oe 
LO GOSSIPS GLE COL Fea Sap ieRe pS eo en a a Di ee. 9 ee, FR LEE La bias RR RP hey 29 
RE RrariM ee Ol/ BN COMIOLOR Veter aceers wm See te tee chs ol rhe oko ee rE ee oct eo Ste bmi 
DRIP PAL EINEM OTE CCOUTO MIE Gera she acters oe ie ae wie rs Feira she ese iets le ok oe ETS OES Stee oye hres anon 
Department of Pnyslolor yang Zoology! ic sc. cule 22 e's gciee ns oa he ole ines Dose caoe Pee ee eee 
MOSTISEINIEL COLNE ALOR US Meee Septet mars woke anh ee pera tse odors rons dicta settee Serre oe atte on else dee ic enioene 
Division oF ENGINEERING: 
Spanien Oh Civile hme MeerIng es + sos ks as eles ostalcbiosie a. bis om ah 'ee mathe eae ws RINGS ek eee oe ae 
PApARIMCKET OL awanea Ane DCSE R A Salat cbr tera > so cise ie caste alana. Pat arasins ae ta ste pee eee mee ee 
Deresatnnty Oil) Riga lh iuliean) (oe aar ne ee A aa 2 ok ae a Oi. oie aie hae © 
MEparbnen pol Mechanical npiiGering n= chs stcs 260.7 vars, s join rine do Serek a ddan Asie Ss eae Ne nee 
OICATAeE CAN OLAE NPINECL EN at ar tee reat to oe tae cial steers tie ae Ce cnoe cae eee tacos eed a ERS 
Division or EXPERIMENT STATION: 
RIGO Eat HeTTO lop paiiene mmtcmestls a istcmecaaete ee cts oe sae asi ins a « rsa eisteeinions si erbinre cra arsloiorare tia AoeORE AeA 
PE GTIOMIUE DD GINY reno ces eae ete et re els ole = ae ok ok hae See Ce: Se eo TE eas 
MACMONNO ME Wed IMP Randy TANG ra terete! demic sccies Cc starcnaie cienaiet stale astro seta tia oie tetas oes 
ErinlenmaeuOoniene en earre TL ee Miaetiee SPAS. METAS octet as dod aaa steeped «ote c teehee caren ent 
ECMO Of CHONIIBET Yanan soe < Aenea saree eetvie suraa ~layere seconds BP An ea cetikes SAY a wisest aie 
(Qu Here TATED REE a el Fas Mes te aed JOR Sirs SE aa a Mae Cle a rel lg ag a re 
DEE MON Ole HL aMOLOLV Aes se pects tend neces h reales a's siesta Scere AT: ot gas MRE Roba cee 
DECOM OnaN rine OLGA nati apse Marta eas sia create esa ha sake tt orateretelontistare gt wisn clot shat amon Greys 
EGON OU anni ManareMment errr. cease ci ae sehr kare teehee, Coo ee cere te ich eee 
MECEOMOh GranaiH OFLiGUeral UAtlOM > tht. coe cee icryte an ctebic te cota ete eo dee e ident os chee ene e ie 
PPO PIOLEO Lee LUN Un ett GUIUG Sitae: sie rae Ti teen ore Fah ote ee ocr ae Ga ei Ee ick ee ear ae ey RO 


SH CHOU KOM OOUS aa ere TENA cee late eons ein tase oa EE CE Foon ah ete CP AEE en PO ere By : 


Sechomor south Haven HxperiMent StAWON cs... 5 cee wien ee ee ce rin cee cninc sale tee. She stmeaieeiena ers 
SSE colon Upper beninsi la Mxperiment OLAtOM. ..5...65..lcoes ss smivc sis aciouce oleic cite b dei een e@ehlatee - 
{LT TRA GES Bardeen Se Ae MOB OOS Se eee eT In Rott Eee ee San ea Sih Rtn, de pele 
STORE SYGIND ©) Mi DIKE NESION eae tata iota Arete oie ais ne eo ie are See Stee dee idl sig ata anteoniwiodd Comins ei ao wat este goes 


Division oF Letrers: 
DEparcemon Wom COUOMIGSs<teiitsa seisesines o> cae oats cots mae Tien Sainte Seer ANE ee ee cis Rare 
LOCATION Sees hn oes ace REESE Chane mee tee cao gey nets Ne tee decals ee WLNEL, aetires 
WeparimentworHistory, and Poti) SCION Cesta <a. 5 ae ,< oe is.c.-ore se ence rane ar ei See ovale Lie Dhaene 
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IDET OMIT ieee eee EELS cece TO oles Sinan Ie Rei EE mS he en tt die 
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$630 25 
22,237 65 
48,344 61 

1,245 21 
3,797 12 
30,154 19 
550 86 
7,165 73 
21,148 20 
6,207 87 
10,898 19 
91122 15 


19,557 09 
28,572 94 
68,369 28 
12,378 66 

263 27 
33,874 21 
14,040 48 


21,478 35 
10,123 98 
26,497 59 
87,744 22 


2,435 00 
15,550 30 


21,327 56 
2,406 96 
7,530 19 
4,164 43 


1,025 89 


43,822 95 
690 37 
109,379 33 


31,055,014 89 


1,756,632 50 


$2,811,647 39 
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REPORT OF THE DEAN OF AGRICULTURE. 


To the President: 


Sir:—The following reports of the various department heads give, in 
an excellent manner, the progress and service of the Agricultural Di- 
vision for the year. 

The educational work of the Agricultural Division has been con- 
ducted in a manner which has maintained the high standards of prey- 
ious years. One of the outstanding developments in the Agricultural 
Division has been the development of a strong Graduate School of 
forty-five students. The members of this Graduate School are largely 
from other states and nations. The graduates of our own institution, 
however, are found in many of the departments. The development of 
this Graduate School means a good deal to our future prestige in 
agricultural education work. 


The following statistics present a classified statement of the enroll- 
ment of the Division during the year: 


ACT ANCE COT CR Sos viele d <sigss ke hare aero ek eee bers eee at 10 
(PIE Ae Mes CINCOM i, 2 F5RK Scale ofoale Saracens le age ats aoe 45 
eee roh nich hc rsa Cl: |) See aee Meee Ronee wer ensemlnn WE 4 9A. A ot a ye (116) 
ROE MTOLS yey getetnpetboae nia ae’ waite eoctemar svi evalu uence ac sual tare REG hee eee 124 
eh UPTIME 2 NSN SG eis aso cle es ee area okie ies cee Tete elie tet a ete ee en 96 
SSO PIL OMMOTES she Biche ave ia tevs teliets wins batite vandcnarcasies aration. eae hare eke epee mee 131 
BOP ESIMMED. dep da sv e-.ch Jean 00'S oo ace ge era lene ntthes ual Ree ee ete 17) 
S@CUAISM, cccitcsecs ct aera estas ctietae A adchar eee ci talerc tere iaia eae cee meena 4 
Summer Session) (Tesla) jecti. ss sinew coors rarer ameter 13) 
Special Agricultural Course—School Superintendents..... 11 
731 
Vocational Guidance—Federal men ...................6- 88 
Sixteen Weeks’ Course in General Agriculture first year.... 2 
Sixteen Weeks’ Course in General Agriculture second year. 19 
Eight Weeks’ Course in General Agriculture first year..... 23 
Eight Weeks’ Course in General Agriculture second year... 8 
Hight Weeks’ Course in “Horticulture si 0. 227. /t2 5a) see, eee 25 
Eight Weeks’ Course in Farm Engineering............... i) 
Twelve Weeks’ Course in Dairy Production.............. 23 
Twelve Weeks’ Course in Dairy Manufacture ............ 12 
Eight Weeks’ Course in Poultry Husbandry............... 18 
Two Week’s’ Course in Ice Cream Making................ i¢ 
Burst Trnck- and Tractor *Comrses cise,» 0 <.- eat ep aielote eneesrons 7 
Second Truck and Tractor Course.......... Meyers ee : 5 
Third ‘Trock-and. Tractor Course sir ccs cses..7 > biateset = ieee 4 
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HOE Leuck and ‘Tractor Courses. .s2 sce Se ec weak wee 8 
BOSE eR ONIN Dt cts: Ache ha: aucsch ohn sche ard dat aver sions aiclapataye anand 4 
a OG 

Aner ratte Ta oN Oe See ee Bare cae, eae ore waar hen > eerioreee 1,048 


One noticeable feature of this year’s work is the increased interest 
of farmers in the Agricultural College. This is evidenced (1) by the 
increased demands for speakers for agricultural meetings; (2) by the 
ereat increase in correspondence on agricultural subjects; and (3) by 
the large number of farmers who have visited the institution during 
the year. 

Over fifty agricultural groups or organizations with a total attend- 
ance of over 13,000 people have visited the college during this period. 
These people had a very splendid attitude toward the institution and 
as a result of these visits, they will become still stronger supporters of 
M. A. C. The two outstanding meetings of the year were Farmers’ 
Week on January 29 to February 2, and the 5th Annual Farmers’ Day, 
July 27. 

This year, for the first time, the annual meeting of the State Live- 
stock Breeders and Feeders’ Association was combined with Farmers’ 
Week. The result was quite satisfactory and will be repeated next 
year. 

During the year, the division again entered competitions with poultry, 
dairy, and stock judging teams at national and international expositions, 
making credible winnings. The Poultry team, in their contest, had the 
distinction of having the high man of all contestants. 

For the first time in the history of the institution, a fruit judging 
team competed at the National Fruit Show at Council Bluffs, Iowa. 
The team won second place honors at this show. 

The institution had a very large and credible exhibit of horses, beef 
cattle, sheep, and swine at the 1922 International Livestock Exposition. 

Through the effective and harmonious work of the various depart- 
ments, the high standard and service of the Division has been maintained 
throughout the year. 

Respectfully submitted, 
EBs HOLE: 
Asssitant to the Dean of Agriculture. 
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REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


To the President: 


Sir:—I have the honor to submit the following report of the Depart- 
ment of Animal Husbandry for the year ending June 30, 1923. 


The following table gives a summary of the teaching work carried 
by the staff the past year: 


Subject Sect. Lae ek Hopi Instzuctcr 
Fall Term: 
Regulars. . 
Neal Mi Nig Ss SYNC TENCE eee 1-4 3 5 74 | W. E. J. Edwards 
AUSTIN Faris SoReal ee Die ae 5-8 3 5 40 | G. A. Brown 
TRA I) TEE ae ees os ee a a 9-12 3 5 73 | W.E. J. Edwards 
NG pO Apna SiO eh dea ain ate || Sa bihaue aera at 3 5 42 | W.E. J. Edwards 
ARNEL SARE Le Fah Oey! Alle ae ce an 5 8 33 | G. A. Brown 
Short Course: 
Beef Cattle Management.......}.......... 3 4 19 | W. E. J. Edwards 
UV DESTOLMIVERLOCK Here att ae alte se 5 10 50 | W. E. J. Edwards 
Animaleheedingis 12 feacy eerte| ae eae 5 5 52 | G. A. Brown 
Types of Mivestocks lee... ia roller siemens te 4 8 26 | H. J. Gallagher 
Federal. 
Ay DES: OLsUIVestOCkK sais ice cll eter ween eters 3 6 45 | H. J. Gallagher 
Winter Term: 
Regulars. 
HAT SEDAN Ob raran trewiecs ack: merce alee 1 5 8 15 | G. A. Brown 
A ELS On ee teh tea chi Sein 2 3 8 15 | G. A. Brown 


Short Course. 


Animal! Bleeding... Ae Gh rhe rhs sees 5 5 24 | G. A. Brown 
Breeds ec) Soars eae ice eee [heehee 5 8 46 | W. E. J. Edwards 
ERAYDES Eee. Sele te tek ee See ee chon ee 5 10 24 | W.E. J. Edwards 
Swine Breeding and Managem’t.|.......... 3 4 40 | W. ef: J. Edwards 
Livestockedndzing ys; wae len ec 5 10 9 | R. L. Mackie 
S pring Term: 

Regulars. 
7 Nolo Bay Poin A Oa he ag SIR A ete AL 3 a 18 | G. A. Brown 
AY TEA DUR aa See te ane Ties 3 3 26 | G. A. Brown 

Federal 
eNbel & Lhe eats ei ale rapaareat US aN ale aa ECR TT 3 6 31 | H. J. Gallagher 


We were extremely fortunate in being able to obtain Mr. Gallagher 
to assist in the teaching work, which otherwise could not have been 
handled by the members of the Department. 


EXTENSION. 


Mr. V. A. Freeman has been conducting extension work during the 
past year. His time has been very largely devoted to work with swine, 
for which there has been an urgent demand, especially in the southern 
counties of the State. 
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LIVE STOCK EQUIPMENT. 


The livestock equipment has been very materially strengthened and 
improved during the past year. The Shorthorn herd has been improved 
by the purchase of seven cows, all of them excellent individuals. The 
Herefords have been added to by the purchase of a herd sire at the last 
International and two females from Crapo Farm at Swartz Creek, 
Michigan. 

With the sheep, a new Oxford sire was purchased from Mr. D. P. 
Beasore of Eaton Rapids, a new Hampshire from Mr. Cherry of Xenia, 
Ohio, and a new Southdown ram was purchased from the United States 
Department of Agriculture. 

The swine equipment was strengthened by the purchase of two Berk- 
shire sows and a sire from Parker Brothers of Niles, Michigan, the 
Poland China herd by the purchase of animals from Witt Brothers of 
Adrian, Harry Cobb of Stockbridge and A. D. Gregory of Tonia. 

At the present time the herds and flocks are in yery favorable condi- 
tion, although the purchase of some better females for the Hereford 
cattle herd would be desirable, were the funds available for the same. 

The Department was extremely fortunate in that a new steer feeding 
shed was constructed last summer, materially relieving the congestion 
in the beef barn. The completion of the new Piggery and the turning 
over of a larger area of ground than had hitherto been available has 
greatly facilitated the work with swine, making it possible to give the 
herd better care and at the same time carry on more experimental 
work. 


LIVE STOCK EXHIBITS. 


An exhibit of beef cattle and fat wethers was made at the State Fair, 
where we won first prize steer herd and second prize on the Hereford 
and Aberdeen Angus herd sires. The most extensive exhibit of live- 
stock ever put out by the College was made at the 1922 International. 

Thirteen steers, including Shorthorns, Herefords and Aberdeen-Angus, 
were shown, winning six premiums in stiff competition. In the grades 
and cross-breds, a grade Shorthorn senior calf won second place in a 
class of 26, and in the Aberdeen-Angus junior calf class, Blackbird 
Brandon 2nd won third place. Both the Aberdeen-Angus and Hereford 
Steer herds won fifth prize, ten herds being shown in each class. 

With thirty-two hogs entered in the barrow classes, twenty-nine 
premiums were won, among these being six firsts, two championships 
and one reserve championship. In the 550 to 450 Ibs. Tamworth barrow 
class, first, second and third premiums were taken, the first prize hog, 
“Michigan Buster,” being later made champion of the breed. These 
three barrows also won first as pen and were later made champion 
pen. In the 450 to 550 Ibs. Berkshire barrow class, ‘Michigan Chief” 
was given first premium and later the reserve championship. This 
barrow, with two others, won second in the pen class. In the 300 to 
400 lbs. carcass class, all prizes offered, first, second and third, were 
taken by M. A. C. entries. The first prize, a Chester White, won third 
in his class on foot; the second prize, a Berkshire, was the reserve 
champion Berkshire barrow of the show; and the third prize in the 
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carcass class was also won by a Berkshire that took second place in 
his class. 

Thirty-three sheep were shown and twenty-one premiums won. In 
the Rambouillet yearling ewe class, first premium was won in a class 
of fifteen. This ewe was later awarded the championship of the breed. 
At the 1921 International she was awarded first in the ewe lamb class. 
The showing of Shropshire wethers was very strong. In a class of 
twenty-four wether lambs, third place was won, while in the Hampshire 
wether lamb class, first place was won. The Oxford wether lambs 
showed to good advantage, winning first, second and third premiums, 
these same lambs winning first in the pen class. 


ACKNOWLEDGMENTS. 


I desire to express my sincere appreciation of the assistance which 
Mr. Edwards has given in instruction work, Mr. Mackie in managing 
the herds and flocks, and Mr. Walker in fitting show cattle. 

Respectfully submitted, 
GEO. A. BROWN, 
Professor of Animal Husbandry. 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


To the President :— 


Sir:—I herewith submit the report for the Department of Dairy 
Husbandry for the year ending June 30, 1923 
The personnel of the Department has been as follows: 


O. E. Reed, Professor of Dairy Husbandry. 
J. E. Burnett, Associate Professor of Dairy Husbandry. 
O. T. Goodwin, Associate Professor of Dairy Manufactures. 
Resigned, May 10, 1925. 
P. S. Lucas, Associate Professor of Dairy Manufactures. 
KE. B. Hint, Superintendent of Official Testing. 
©. F. Huffman, Research Assistant in Dairying. 
H. C. Jordan, Instructor in Cheese Making. 
January 1st—March Ist, 1923. 
W. J. Sweetman, One-fourth time Assistant. 
R. R. Palmer, One-half time Assistant. 
R. J. Werdon, One-half time Assistant. 


THE DAIRY HERD. 


The dairy herd owned by the College, has been used more for instruc- 
tional and experimental purposes than ever before in its history. The 
herd has just about held its own in numbers this year. The value of 
the cattle has been increased by making better records. A large number 
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of official seven-day and yearly records have been made. The cow, 
Pauline Segis Fayne 551402, completed her yearly record as a two-year- 
old and produced 21,064.2 pounds of milk and 819.27 pounds of 80 per 
cent butter in a year. This record was the highest record in the state 
for this age for the Holstein breed. She has also produced 684.2 pounds 
of milk in seven days and 2,960.6 in 30 days, which are State records 
for milk production. Pauline Jane Pontiac, a four-year-old heifer, bred 
by the College, produced 731.1 pounds of milk and 36.59 pounds of 
butter in seven days. At the time this record was completed, it was the 
highest record ever made by any agricultural college in the United 
States. It is interesting to note that this cow, as well as her grand- 
mother, was bred by the College. Another Holstein cow, College Segis 
Jane, produced 32.97 pounds of 80 per cent butter in seven days. 

Four Guernsey two-year-old cows finished yearly records, all making 
above 500 pounds of butterfat. 

During the past year we have established the foundation for an 
Ayrshire herd at this institution by the purchase of four two-year-old 
Ayrshire heifers from Alta Crest Farms, Spencer, Massachusetts. This 
firm also donated to the Agricultural College a bull calf out of an import- 
ed cow and sired by the champion show bull of the United States. This 
institution has not had any representatives of this breed for a number 
of years, but it is deemed necessary that we establish this foundation so 
that our students will have the advantages of studying these cattle along 
with the other breeds. 


EXTENSION SERVICE. 


Much time has been spent by the members of the Department in ad- 
ministering the dairy extension work. A number of men have been added 
to the dairy extension staff on account of the heavy demand for organiza- 
tion and dairy information. The staff includes H. E. Denison, Specialist 
in Charge; A. C. Baltzer, Specialist in Charge of Cow Testing Associa- 
tions; and S. J. Brownell, Specialist in Charge of Bull Associations. 
Other specialists are R. H. Addy, Karl H. Miller, Jr., and J. G. Hays. 
Mr. Hays is employed jointly by the College and the Michigan Holstein 
Association. A new policy has been adopted in establishing greater co-op- 
eration between the College and Breeders’ Association in carrying out 
the dairy extension program. The Michigan Holstein Association is the 
first association to enter into this joint arrangement. The Holstein 
Breeders’ organization pays the salary of Mr. Hays and the Extension 
Division pays his traveling expenses. He spends his time in doing general 
extension work for the College and Holstein breed extension for the 
Association. By this arrangement the Extension service in the State is 
co-ordinated and centralized at the College. This arrangement, judging 
from the results obtained thus far, is highly desirable and other breed 
associations will undoubtedly co-operate with the college on the same 
basis. 

- In addition to the men mentioned above, much time has been spent 
by the members of the Department in attending meetings and doing 
expert service and judging at County Fairs. 

County campaigns, established by the Department in the Fall of 1921, 
have been continued and during the past year campaigns haye been car- 
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ried out in the following counties: Kent, Gratiot, Clinton, Washtenaw, 
Livingston, Genesee, Macomb, Charlevoix, Emmet, Delta, Marquette, 
Ontonagon, and several other districts throughout the State. The cam- 
paigns have been highly successful. While it is difficult to gauge results 
in a concrete form, any one who is familiar with the work at all knows 
that there is a great deal of good accomplished by putting on these 
intensive campaigns, giving out information on the best possible methods 
used in putting the dairy industry on a more efficient basis. 

One measure of the extension work during the past year is shown by 
the fact that on June 30, 1922 there were 17 cow testing associations in 
operation and on June 30, 1923 there were 60 associations organized and 
56 in active operation. There has been a great increase in the interest 
as well as the number of cow testing associations during the past year. 
While this work has been started in the State for some time, it has not 
been developed to a very great extent until the past year. There is now 
a very heavy demand for associations to be organized in every county 
and if the present force can possibly do the work, there is no question but 
there will be more than 100 cow testing associations in operation in 
another. year. 

More than 100 pure bred bulls have been placed by members of the staff 
and a large number of co-operative bull associations have been organized. 


ADVANCED REGISTRY WORK, 


The amount of official testing work conducted this year compared with 
that conducted the previous year, shows a decrease. This year there were 
893 seven day records on Holstein Friesian cattle forwarded to Mr. Gard- 
ner’s office and 218 records which were not forwarded to Mr. Gardner, 
due to the fact the cows did not equal their previous record, or not high 
enough so that the owners wished to have them reported. There were 
149 thirty day records and about 40 thirty pound records. The previous 
year there 1,230 seven day records, 183 thirty day records, and 42 thirty 
pound records. 

Semi-official or yearly work was carried on in herds of the various 
. breeds throughout the state as follows: 


Breed he Number of Herds 
Lialstein-riesian ss SA Pee eee: se eee eine 27 
SOLSEV) MiG acs Gio rae are aa cle ae emt epeTNers cere Sheer 135 leon ene 
Grernsepn sy ES Oa ee Sue eS ciawowele Speedie veterans EIS es 
FCSN SIE asc a acd a a Ak tas Hae eT ein oh nS a ae 2 
Brow Swiss 1g aR Ra his i itor ernie toealle atts 28) 1 


The Eine List published by the Holstein-Friesian Association of Amer- 
ica includes 141 Michigan records, or 9.19% of the total number on the 
Honor List. This includes the world’s milk record for seven days in the’ 
junior 4 year old class, and American record for thirty days inilk in the 
junior 4 year old class. There have also been several State rec ords made, 
divided among the Jersey, Guernsey and Holsteins. 

The offices of the Dairy Department have been moved from the Agri- 
cultural Building to the Dairy Building and the space that was not pre- 
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viously occupied has been fitted up as offices and the Department is now 
housed in a very satisfactory manner. 
Respectfully submitted, 
O. E. REED, 
Professor of Dairy Husbandry. 


REPORT OF THE DEPARMENTS OF FARM CROPS. 


To the President, 


Sir:—I take pride in reporting a vear of progress in our instructional 
work. Opportunity was offered for the development of newly established 
courses. The presence of additional graduate students greatly increased 
the strength of the laboratory work supporting each course. The follow- 
ing courses were presented by the department :— 


Farm Crops 1—Cereals—A required Freshman Course. Two-hour lecture and 
two-hour laboratory periods per week. Three credits. 162 students. 
J. F. Cox, J. R. Duncan, and Assistants. 


Farm Crops 2—Forage Crops.—A required Sophomore Course. Two-hour lecture 
and two-hour laboratory periods per week. Two credits. 91 students. 
C. -R. Magee, W. H. Hosterman. 


Farm Crops 83—Advanced Cereals, Grain Judging and Marketing for Seniors.— 
Four laboratory and three lectures. Five credits. Twenty-six students. 
G. W. Putnam, C. E. Cormany, and Assistants. 


Farm Crops 4—Advanced Forage Crops.—Three lectures and two laboratory 
periods. Five credits. Twenty-six students. 
C. R. Megee, C. E. Cormany, and Assistants. 


Farm Crops 5a—Applied Genctics—(For Seniors).—Three hour lecture and 
two laboratory periods. Five credits. Three students. 
F. A. Spragg. 


Farm Crops 5b—Advanced Plant Genetics —(For Seniors).—Three-hour lecture 
and two laboratory periods. Five credits. Five students. 
F, A. Spragg and Graduate Assistants. 


Farm Crops 6—Crop Adaptations and Rotations.—(For Seniors).—Three lecture 
and two laboratory periods. Five credits. Twenty-six students. 
J) ES Cox.G. Wi) Putnam, H.R. Petiigrove: 
Farm Crops 7—Potatoes, Sugar Beets and Minor Root Crops.—(For Juniors.— 
Two lecture and one laboratory periods. Three credits. Thirty-four students. 
C. E. Cormany and Graduate Assistants. 
Short Course—Farm Crops A.—16 weeks. Forty-eight students. 
C. R. Megee, C. E. Cormany. 
Farm Crops B.—16 weeks. Fourteen students. 
C. R. Megee, C. E. Cormany. ? 
Farm Crops A.—S8 weeks. Twenty-four students. 
C. R. Megee, C. E. Cormany. 


Crops Course for Dairy Short Course. Nineteen students. 
C. R. Megee. 


Short Course—Potato Production. Thirty-five students. 
C. E. Cormany. 
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Farm Crops 3, Summer Session 1923, Advanced Cereals, Grain Judging and 
Marketing. Eight students. 
C. E. Cormany. 
Farm Crops 4—Advanced Forage Crops. Ten students. 
C. R. Megee. 


Special Superintendent's Course. Twelve Weeks. Twelve students. 
J. F. Cox, C. R. Megee, C. E. Cormany. 


It is with pleasure that I report a spirit of friendly co-operation exist- 
ing within the department which has, I am certain, been an important 
factor in the progress made during the season’s work. 

Yours very truly, 
J. F. FOX, 
Professor of Farm Crops. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS 


To the President :— 


Sir:—I have the honor to transmit the report of the Department of 
Farm Mechanics for the year 1922-1923. 

The personnel of the Department has remained the same with the excep- 
tion of the addition of Mr. H. J. Gallagher to the regular staff and instruc- 
tion and the release of Mr. Dan Shafer with the ‘transfer of the Black- 
smithing and horseshoeing to the Farm and Horse Department. 

The enrollment in the various courses under the plan of specialization 
in work in the Department has been somewhat less than when the courses 
were purely elective. It is felt that the loss of the introductory Wood and 
Forge Shop formerly offered by this department is partly responsible 
for the smaller enrollment. . 

The attendance in the Tractor courses has fallen off in the last year, 
part of which is probably due to the fact that the tractor has been better 
known and less of a novelty than when first used. 

It is felt too that as the situation changes on the farm and it is possible 
to consider improvements in machinery and equipment that considerably 
more interest will be shown in Farm Mechanics work. Great interest has 
been shown in the last year in plans for buildings and conveniences. A 
desire for improvements in the home conveniences and sanitary conditions 
is also evidenced by increased correspondence along this line. 

Perhaps no one thing i is more keenly felt by members of the staff than 
need for space where work of the department can be grouped together. 
A great deal of equipment could be easily secured for instructional pur- 
poses if space could be provided for its housing. Under present condi- 
tions it is impossible to organize work so that it can be done efficiently. 
It is hoped that plans submitted for housing the Farm Mechanics work 
can have earnest consideration at an early date. 

I desire to thank the men on the staff for their co-operation through 
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the year. The variety of tasks imposed upon them and the conditions 
under which these have had to be performed, at times made this spirit 
of co-operation all the more appreciated. 


POWER AND FARM MACHINERY 


The work in gas engines and tractors has been more satisfactory 
during the past year than at any other time, owing to the fact that this 
course has been extended from a three to a five credit basis. Additional 
time is permitted the student to cover the work more thoroughly. 

Rural high school superintendents are finding that the knowledge of 
gas engines and tractors is essential, to meet the demand of the students 
interested along mechanical lines. This is evidenced by the large number 
of men electing this course during the summer session. For the success 
of the above purposes, We are greatly indebted to the Engineering division 
of the College for the use of their outlay of equipment and also to the 
engine, tractor, and implement manufacturers, who have so kindly 
loaned their product to the Farm Mechanical Department. 

The courses offered in Power machinery to the regular short course 
students, were well attended as usual. However, the intensive courses 
offered in Tractors and Trucks during the winter months were not so 
largely attended as in the years immediately following the war. 

During the spring term as usual a course was offered in Farm Machin- 
ery to the regular students. A good enrollment was obtained. A special 
emphasis was placed on the study of machinery and on new machinery. 

As a result of wide spread interest in radio reception this department 
offered a course in radio to the short course students of the college. This 
course enables the student to construct at the college, a radio set capable 
of long distance reception. Many took advantage of this offer. 


FARM BUILDINGS AND CONVENIENCES. 


Hight students elected the five credit senior option in farm building 
design given by Assistant Prof. Fogle in the winter term. Since this course 
has been lengthened it is not only possible for the student to give more 
time to original design but to take numerous trips with the class to 
study floorplans, various types of framing and to observe exterior desigu 
in both good and bad form. 

Work in farm buildings was given to eleven men in the sixteen weeks 
short course by Instructor Gallagher. Mr. Gallagher has had considerable 
experience both in designing and remodeling farm buildings, and now 
lives on and operates a farm which makes his work particularly effective 
with the short course students. 

Eighteen students enrolled in the course in Farm Conveniences offered 
for the regulars, twenty men enrolled in this course as offered in the six- 
teen weeks short course and eight in the special farm engineering course. 
The practical side of the subject is emphasized, the lectures and lab- 
oratory work being supplemented by trips to study practical installa- 
tions and to see the septic tank under working conditions. The two former 
courses were given by Assistant Prof. Fogle and the latter by Instructor 
Gallagher. 
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EXTENSION. 


Work in Drainage and Conveniences and Land Clearing will be found 
under separate heads. Considerable time has been spent this year in 
connection with experiment station work on Potato storage in working 
and ventilating systems for potato warehouses. As in other years many 
plans of all kinds have been sent out and assistance given in working 
out special and individual problems which cannot easily be reported, but 
which contribute to our fund of experience and in a demonstrational way 
to the betterment of farm equipment. 

Yours very truly, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics. 


REPORT OF THE DEPARTMENT OF FORESTRY 


To the President :— 


Sir:—I have the honor to submit the following report for the Depart- 
ment of Forestry for the year ending June 30, 1925: 

There were two changes in the teaching staff of the Department during 
the year. Mr. John C. DeCamp was appointed Assistant Professor of 
Forestry to take the place of Mr. P. L. Buttrick, who resigned on August 
31 in order to travel and study abroad. Mr, DeCamp graduated from the 
College in the class of 1910 and has brought to the Department a wide 
knowledge of forest utilization and of lumbering acquired from many 
years’ experience in the West and elsewhere. 

Mr. Paul A. Herbert was appointed Instructor in Forestry to take 
the place of Mr. G. A. Garratt, who resigned on August 31 in order to 
continue his studies in the East. Mr. Herbert is a graduate of Cornell 
where he also took post-graduate work. He has accomplished some not- 
able work in the study of forest insurance and is continuing such work 
here in addition to teaching. 

The forestry summer school was held on the lands of the Antrim Iron 
Company near Mancelona. The company furnished us with the use of 
buildings for sleeping quarters, mess hall, kitchen and classroom and 
also furnished much of the equipment needed to operate the camp. I 
wish to take this opportunity of expressing our appreciation of their 
assistance in making the camp a success. In connection with the sum- 
mer camp a large amount of data has been collected on the growth and 
management.of hardwood forests in the northern part of the State, and 
the camp has brought the College into touch with many different com- 
munities. I feel that it has accomplished a great deal in interesting 
people both in forestry and in the College. 

The forest nursery was operated as usual although the work was 
ereatly handicapped by the late spring followed by unusually dry 
weather, making it difficult to handle the trees satisfactorily. Planting 
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stock to the amount of 156,000: trees was shipped during the year, a con- 
siderable increase over the past few years. We are now beginning to 
feel the results of the small amount of seed sown in the nursery during 
the years of the war and next year we will have only a limited number 
of trees available for shipment. The interest in forest planting is stead- 
ily increasing and it is probable that the demand for trees during the 
next few years will exceed our suply. We have accordingly planted a 
large amount of seed this year. The maple sugar bush was operated as 
usual and some thinnings were made in the various plantations. 

The Department has been represented at a number of meetings through- 
out the State and has taken an active part in the shaping of a forest 
policy for the State. There is a growing need for an extension specialist 
in forestry and I hope it will soon again be possible to fill this position. 

The Department is at the present time hampered for lack of sufficient 
laboratory space. We have very excellent laboratory equipment, much 
of which cannot be used to the best advantage for lack of room. 

In concluding I wish to express my appreciation of your interest and 
suggestions during the year. 

Respectfully submitted, 
A, K. CHITTENDEN, 
Professor of Forestry. 


REPORT OF THE DEPARTMENT OF HORTICULTURE 


To the President :— 


Sir:—I beg to submit the following report regarding the instructional 
activities of the Department of Horticulture for the year ending June 
30, 1928. 

There has been some reorganization of the work of the Department 
during the year, mainly in the direction of increasing the staff and 
making possible a greater specialization on the part of the staff members. 
In the first place Landscape Gardening was separated from the Depart- 
ment of Horticulture and placed in a Department by itself. The remain- 
ing field has been subdivided and allotted to different staff members as 
follows: 

V. R. Gardner—Administrative work and general pomology (new 

appointee). 

R. E. Marshall—Fruit handling and marketing. 

I. C. Bradford—General pomology (new appointee). 

G. E. Starr—Vegetable breeding and seed improvement (new 

appointee). 

W. C. Dutton—Spraying. 

N. L. Partridge—Viticulture. 

R. E. Loree—Small fruit culture. 

T. Gunson—F loriculture. 
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E. P. Lewis—Vegetable culture (new appointee). 

H. M. Wells—Spraying (new appointee). 

This reorganization has made possible not only a better preparation 
of material for the classroom and laboratory but the handling of students 
in smaller groups and a more efficient type of instruction incident thereto. 
It is also making possible a more efficient service to the various horticul- 
tural interests of the state. Throughout the year there has been a con- 
sistent effort to stiffen the courses. The results that are being obtained 
justify further effort in this direction. 

Special effort has been made to encourage and develop graduate work 
in Horticulture. During the past year six men have been “registered for 
graduate work in the Department and present indications are that this 
number will be materially increased during the coming session, 

The present physical equipment and facilities of the Department are 
inadequate for the type of work that should be given both undergrad- 
uate and graduate students and for its investigational activities. How- 
ever, the appropriation made by the last legislature for a new horticul- 
tural building together with its equipment and greenhouses should soon 
remedy this handicap. Need for equipment and personnel to develop fur- 
ther the floricultural work is particularly urgent. The situation is in 
the process of being remedied. 

Considerable time has been spent in reorganizing the curricula for 
another year, in accordance with similar changes being made throughout 
the institution. It is believed that the changes in courses which will be- 
come effective next year will greatly strengthen the work in horticulture. 

Particularly gratifying has been the interest in and support of the 
work of the Department by the Michigan State Horticultural Society, the 
Michigan State Florists and State Canners Associations and of other 
hor ticultural interests of the state. It is also a pleasure to be able to 
report the best of team work on the part of the various meurbers of 
the Department. 

Respectfully submitted, 
V. R. GARDNER, 
Professor of Horticulture. 


REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY 


To the president :— 


Sir:—I have the honor to submit the following report of the Depart- 
ment of Poultry Husbandry for the year ending June 30, 1923. 

The poultry department holds an important and unique position in 
the varied types of service expected and rendered. 

The chief function of the department, that of instruction, has been 
carried out as prescribed in the catalog. Additional effort has been made 
by all members of the staff to increase the efficiency and effectiveness of 


DEPARTMENT REPORTS 55 


this work. A total of 369 students including regular, federal and short 
course have received instruction. 

The second type of work that has been given special attention is the 
production and distribution of pedigree stock and eggs. The department 
is unable to produce sufficient stock to meet this growing demand. Over 
000 breeding males and 1,000 settings of hatching eggs were distributed. 

The greatest need of the department at the present time is for addi- 
tional pedigree houses. The practice of mass mating such as we are 
forced to conduct, handicaps:our work in breeding for increased produc- 
tion, size, color, hatchability of egg, resistance to diseases and numerous 
other problems of vital importance to the industry. 

The poultry department of M. A. C. is the only laboratory in the state 
where such important problems of breeding can be carried on, and these 
problems, which are of economic importance, should be given serious 
consideration. 

Mr. C. M. Ferguson and R. D. Ure of the Extension Division have 
devoted their time to lecture and demonstrational work, emphasizing all 
factors involved in economic production. Demonstration farms are now 
in operation in practically all counties under the direct supervision of 
the poultry extension division. These farms will be used as auxiliary 
breeding stations to demonstrate flock improvement by selective breeding. 

I desire at this time to commend to you the splendid co-operative spirit 
and enthusiasm of the various members of the staff. We appreciate the 
interest you have taken in our efforts to build up a department respected 
by both students and farmers of the state. 

Respectfully submitted. 
EK. C. FOREMAN, 
Professor of Poultry Husbandry. 


REPORT OF THE DEPARTMENT OF SOILS. 


To the president :— 


Sir :--It is with pleasure that I submit to you a report of the progress 
.f the Soils Department. From an educational standpoint the year has 
been highly satisfactory. The students have manifested much interest 
in the courses offered and the quality of the work done by them has been 
much appreciated by the members of the teaching staff. 

There is a rapidly growing interest in soils problems throughout the 
State. A large and increasing number of soil samples are received for 
examination and in addition many inquiries regarding the use of lime 
and fertilizer and for other information relative to methods of increasing 
the productivity of the soil. 

One of the most perplexing problems of the Department is how to meet 
the requests from county agents, farmers clubs and others for talks on soil 
management, The members of the staff have met all such requests they 
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could ‘without neglect of their other duties. It appears that here is an 
opportunity to render a great service to the farmers of the State which 
is not being improved. 

The work of the soil survey is progressing satisfactorily and is of 
much value to the members of the Department in aswering questions 
submitted by farmers and prospective farmers of the State. There are 
also quite a number of requests for soil maps. The soil acidity maps 
of various counties which are an outgrowth of the soil survey, have met 
with much favor. The field work of the survey is being supported by 
laboratory investigations. - 

In conclusion I wish to assure you of the support of every member of 
the Department in your efforts to enlarge and strengthen the college. 

Respectfully, 
M. M. McCOOL, 
Professor of Soils. 


REPORT OF THE DEPARTMENT OF SPECIAL COURSES 


To the President :— 


Sir:—I herewith submit the report of the work of the Department of 
Short Courses for the year ending June 50, 1925. 

The fifteen different Short Courses in agriculture offered by this depart- 
ment have been attended by 228 students. A detailed record of the various 
courses is given in the following list. 


First year-sixteen weeks’ -cOUMSE. . .. .r.. Gays > ae eerste 50 
Second year sixteen weeks’ course ...........20.++..2-... 19 
Mies t year Cleliks WEEKS eCOULSE yet temo rs fetatieleteneus ohana tele eee ‘sesame 
Second: year eight weeks Courmser test cic meen ee ec 4) 
Dasry “Mamulacuures OOuwrse cocker, <3 aslaletet> eran eee ee 12 
Dairy ProOdMe WOM COWTSE? Sieg siaierer= louie eee kee epee en 28 
POW Ty) SCOMESE e534 1.65 (oc hh. ope pa megan ones) each antes eal Nee 18 
Bani. Mn sineeriie COURSE we cae cei «cue c cn tat gete ie steele 9 
fortiewl tural? COMES Yeo aiyeteibets aero eine is econ ene heen ieee 25 
SIU ICT TTES ean AB ALS Oe ce asc nike louis Oy aaa ~Picharad cxe oe 4 
Truck and.Tractor  €OUFSe—E ITSt ack siete ee es eee 7 
Trucksand Tractor cCOUrse— Second ©. soe ates sania eet D 
Trick and’ Eractor conurse—Uhindter sere 1. we tee eee 4 
Prnek: and Lractor COULSE—— EP OWE GN mts crakt. certs. ime ee te 8 
lce Cream, Making “course ss) boc pte sores cre oe tenet er seers (i 
228 


Mr. Ashley M. Berridge, Associate Director of Short Courses, took 
entire charge of the work during the period between October 30, and 
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March. The successful management of these courses and of the short 
course men was due to the untiring efforts of Mr. Berridge. 

Besides the regular instructional class work, weekly literary meetings 
featured by speeches and motion pictures, were held, athletics were 
encouraged, and a Choral Club and an orchestra were organized with the 
short course men. Mr. Ei. C. Sauve directed the Choral Club. Miss Delia H. 
Bemis directed the Short Course Orchestra. Mr. Larry Kurtz had charge 
of the basket ball team. The foregoing arrangements were planned in 
order to properly provide for the social and physical needs as well as the 
strictly educational requirements of the students. 

The annual livestock judging contest was another feature of the past 
year. Mr. Donald Shepard, a first year sixteen weeks’ man, was the 
individual high point winner, and received the cup offered annually by 
Dean R. 8S. Shaw. The winning team consisted of Lafayette Phillips, 
John J. Goodwins, and Russell W elehli, all 2nd yr. 8 wks. men. 

Farmers’ Week, a feature of our Short Courses, was under the direction 
of Assoe. Director A. M. Berridge, and was a marked success from all 
angles. The programs, exhibits, parade and shows were all well con- 
ducted. The estimated attendance during this week was about 5,000 
farmers and farmers’ wives. The administration, faculty, and student 
body co-operated to make this event an institutional rather than a 
divisional affair. 

The Class Day Program held on February 28, was the closing feature 
of the years Short Course work. President Friday, Dean R. S. Shaw, and 
Prof. G. A. Brown gave the main addresses. Results of the livestock 
judging contest were announced and prizes awarded at this meeting. 

The annual trip to the International Livestock and Hay and Grain 
Exposition was taken by forty Short Course men. While in Chicago 
the men also visited the large packing companies, the Grain Exchange 
and other large and notable enterprises. This feature of the short course 
work was well worth while. 

Most of the Short Course instructional work was handled by the reg- 
ular instructors and professors of the various departments. The follow- 
ing men, however, were paid all or in part from Short Course Funds: 


EK. B. Hill, Director. 
Ashley M. Berridge, Associate Director. 
H. J. Gallagher, Instructor in Farm Mechanics. 
B. A. Powell, Instructor Creamery Mech. 
George A. Getman, Instructor Gas Engines. 
Dean Kelly, Instructor Farm Law. 
dS. ELy de, Instructor Soils. 
Respectfully submitted, 
Be. LEG, 
Director. 
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REPORT OF THE DEAN OF ENGINEERING 


To the President :— 


‘Sir:—TI have the honor to submit my sixteenth annual report as Dean 
Engineering. 


PERSONNEL OF DIVISION OF ENGINEERING. 


Dean's Office. 
G. W. Bissell, Dean. 
Agnes McCann, Secretary. 


Cwil Engineering. 
H. Kk. Vedder, Professor. 
C. L. Allen, Associate Professor. 
C. M, Cade, W. W. Hitchcock, B. K. Philp, and R. G. Saxton, Assistant 
Professors. 
F. A. Gould, Instructor. 


Drawing and Design. 
R. K. Steward, Professor. 
L. N. Field, C. Newman, and A. G. Sheele, Associate Professors. 
C. L. Brattin, Miss C. Holt, J. W. Steward, and E. H. Stewart, Assist- 
ant Professors. 
Miss E. Butler, O. W. Fairbanks, and J. Rising, Instructors. 


Electrical Engineering. 
A. R. Sawyer, Professor. 
M. M. Cory, and L. 8. Foltz, Associate Professors. 
EK. E. Kinney, Instructor. 
R. L. Rayner, Graduate Assistant. 


Mechanical Engineering. 
H. B. Dirks, Professor. 
G. W. Hobbs, W. E. Reuling and G. C. Wright, Assistant Professors. 
J. A. Hicher, A. P. Krentel, D. T. Millard, G. J. Posthumus, C. N. Rix, 
B. Sangster, W. L. Watt, and C. R. Wiggins, Instructors. 
K. C. Crawford, Assistant. 
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ENROLLMENT. 


OFFICIAL FIGURES FOR 1922-1923. 


Regular Eng. Ad. Totals 
[AEG LTA Sh ae cab BST OCS DIREC Eps JE CLE CR OI CICIE ERO ene oI and aa art A Sill Nate dered 3 
[NEGTON He neice DOOR OCOD GME OL OD DA ODG SOE at Eee enn ai pear Mme Nees UPR ee Gok so sere 92 
“ATE GTR evesties ele alps GER S RAC HOGER CRBS: OL ER ene ap Tt 46 51 97 
SIE GINOUS Oak cists see PET Ne hot Set tebe, histone abuts eee ae 77 61 138 
LOGE ESTO A, indy Sees Seb pect RRO SH OTC A nT Re AU De a) YOR Irene S| lee ths een ee 203 
STPIOTOE, ned talgeiiee ORAS E 4 Sob Se hmm DARE EC. Cece aLPAE es een err er ve fiesta Sree tania PnP Ni 3 
TITAS So oS On apo S Sone BRe a 0s HERE ti ©: CEREBRO CL EE PIE a oa el | Gees Pines Rn] [OPES eee oe So 536 
GRADUATES. 


Of the 92 seniors enrolled, 88 were graduated. The total of the grad- 
uates of the engineering course to date is 1,181, distributed by classes 
as follows: 


ERS Beta la cont cs cacon oars 3 NSOW este eee ces oe 7 POOG ea baa icnie ce 42 LOG vrccts tov sat 55 
UL ee nal dates mee oe 6 TS9S Si ce Prenies 4 NOD Gee cnc ten oe) 45 LOG eo tees 66 
SOO as wre: af et stskaateevss store 9 S90 Fhe atican ts 7 GOB mrss cscayssa aves 45 QUT ree ave sroentes 63 
UR eeerac/ccteete nee cialavererec< 6 TOO erate eacarte soe 10 EG ev. Pitas ok 49 GUS ae aantartee 34 
PE AOR ae ee eae 6 NOON ee Aitic cles oe 11 WOVONE ess, is bioee 41 AQLQ Ree = 5 Se 20 
CRE Shick DR EEEe cedeee 8 NQOZ Te sem cas te 20 TO Dee... cavteicn 52 NOLO SASS terra oe 44 
ERA ee Ssroraritivin cv creel e if NOD eae hers ate oe cies 27 1A le ee 52 WOZUN SR reactah ccs 68 
iC GAS ean S aaeeee ae 6 jf a eee 19 1A) 6 a ee 50 TODD asats yon s 70 
ROG alice s mie Stace 6 NG D Ris. teh tas 27 1 oe ei eee 63 ULE Tan ee rae 83 

BRET sel etter ates sieve || ete tose | rey gta ee vetoes ay seat li topeee ol lena ang emer opto Me LA eraterel ci uars Gem ces eet aeale 1131 


Approximately 3,500 students have enrolled in the engineering course 
since its establishment in 1885. 


COURSES OF STUDY. 


The engineering administration course established last year was ayail- 
able for Juniors in the fall term of the current year with 60 per cent 
of the Juniors enrolled, and for Sophomores in the spring term with 45 
per cent enrolled. 

The course may be said to be successfully launched. 

In accord with the general faculty plan for reduction in credit hours, 
all engineering courses have been remodeled, with 15 credit hours per 
term for the first two years and 17 credit hours per term for the last 
two years. The new courses will be presented and described in the col- 
lege catalog. 


ENGINEERING RESEARCH. 


A formal recognition of research activity which will serve as a reason 
for an “engineering experiment station” at M. A. ©., has been made by 
the appointment of a half-time graduate assistant in electrical engineer- 
ing, radio-communication. 

The legislative appropriation for research will permit and encourage 
further effort. It is proposed to utilize $3,000 to $5,000 during the com- 
ing year. 
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Under the direction of Professor Dirks of the mechanical engineering 
department, some interesting experiments have been conducted with 
the Hvid gas engine, the results of which will probably be published in 
bulletin form. 

The alloy steels are being studied by the departments of chemistry and 
mechanical engineering, particularly as to the defects in casehardening 
processes and remedies therefor. 

I recommend substantial encouragement for experimental work by the 
personnel of the division who have aptitude therefor. 

Respectfully submitted, 
G. |W. BISSELL, 
Dean of Engineering. 


REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING 


To the President :— 


Sir:—During the past year the work in the department has been 
earried on with a total of seven instructors which has necessitated in 
many cases the organization of recitation and practicum sections of 
such a size that the intimate personal contact between each student and 
the instructor was quite largely eliminated. However, the co-operation 
of most of the students has been such as to minimize the harmful 
effects of such a condition. 

The department teaching staff for the year included the names listed 
below in order of rank. 

H. K. Vedder, C. E.—Professor of Civil Engineering. 

C. L. Allen, 8. B. C. E. M. S—Associate Professor of Engineering. 

R. G. Saxton, B.S. M. S.—Assistant Professor of Civil Engineering. 

C. M. Cade, B.S. C. E.—Assistant Professor of Civil Engineering 

B. K. Philp, C. E.—Assistant Professor of Civil Engineering. 

W. W. Hitchcock, B.S. C. E.—Assistant Professor of Civil Engineer- 

ing. 

F. A. Gould, B. S. C. E.—Instructor in Civil Engineering. 

The following text books have been used in our classes during the year. 

Breed & Hosmer’s Surveying, Vol. 1. 

Breed & Hosmer’s Surveying, Vol. 2. 

Seeley’s & Ensign’s Engineering Mechanics. 

Boyd’s Strength of Materials. 

Malcolm’s Graphic Status. 

Hughes & Safford’s Hydraulics. 

Searles & Ive’s Railroad Engineering. 

Merriman & Jacoby’s Roofs & Bridges, Vol. 1. 

Merriman & Jacoby’s Roofs & Bridges, Vol. 3. 

Hool & Johnson’s Concrete Engineers Handbook. 

Blanchard’s American Highway Engineers Handbook, 
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Harger & Barney’s Highway Engineers Handbook. 
Tucker’s Contracts in Engineering. 
Hosmer’s Astronomy. 
Turneaure & Russell’s Public Water Supplies. 
Elliot’s Engineering for Land Drainage. 
Metcalf & Eddy’s American Sewerage Practice, Vol 1. 
The tabulation which follows will answer all questions with reference 
to teaching schedule, the number of classes and the attendance therein. 
Respectfully submitted, 


H. K. VEDDER, 
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Professor of Civil Engineering. 


CLASS WORK CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1922-1923. 
FALL TERM. 


Number | Number 

Class Subject paneer of Instructor hours students 

per week | in class 
Sophomores........ Surveying (Class)..0.........:-.! C. E. la Profede bilpeer ack ricer 2 17 
Sophomores........ Surveying (Class).............-.- C. E. la.. Mir Gould ect ee 2 18 
Sophomores........ Surveying (Class)...............- Go: fae MraGoulaee. nc eo a 2 11 
Sophomores........ Surveying (Class).............--. C: E. 1a.. Mrs Gotldinst ost hore 2 12 
Sophomores. ....... Surveying (Class)...........-.... C: E. la... MriGouldeecoeeree soak 2 19 
Sophomores........ Surveying (Class)................ GeBtacse-|) Profs Waders. ay «has 2 27 
Sophomores........ Surveying (Field)................ Gabwils Era GO mloe tensa eras Cera t ee 2 15 
Sophomores........ Surveying (Field)................ (Gab, lary IVA GOON tise chertcs as ent 2) 16 
Sophomores. ....... Surveying (Field)................ C. E. la.. Mins Gouldiess.S asec cc «se 2 25 
Sophomores........ Surveying (Field)................ C.E. 1a.. MriGoulde fs n.o 3.4 an 2 19 
Sophomores........ Surveying (Field)................ Cos 1a22 Prof. Hitchcock. .......... 2 22 
Sophomores. ....... Surveying (Field)...............: C. E. la....| Prof. Hitchcock. .... PP ae 2 7 
Sophomores. ....... Surveying (Class)................ CAB Nb s.t|aMEe Gouldaceencis-ci.- $3 2 16 
Sophomores........ Surveying (Class)...........-..-. Coa Ubs2 2. Pror Ete hCock... 0. +... 2 24 
Sophomores. ....... Surveying (Field)................ Gia lbiecel) Profs Saxtouecs a: = cjee. ce 4 12 
Sophomores........ Surveying (Field)....2........... C. B. 1b....| Prof. Hitehcock........... 4 12 
Sophomores........ Surveying (Field)................ C3.Bo tbs.) Profs bitehcocks 22: 2.2.4: 4 17 
BUSEEIONS ate rete s oiche | VL CCH ATIIGS soitcke Aareieiatehe erocestornis a Cob Aa. <x: Profs Pips. a. sake vires 5 14 
NMBIOLS yee a tionets cio Mechanicsse ria cette see ae Cae aah a Perot eNtp rs once ccreeene cia 5 13 
WIEUNIOSs eke cicrs erie Ma chaniastercctact arenes cee Cob Saas RroteAllenscnsccan jae scans 5 16 
RLOMORS=/e nts sect ee Mechanics tea easter ayes tee Gels Aas. Proth Allene accra on crite 5 13 
RMMIORS over oorieree 2s Mechaniess.. sie ce anes CAH Aan." Brote. Cadet. nactones cn oreo: 5 15 
AMIN Ghn ences Mechanics tices atencnrac sande CLE 4an<)-| “Prof, Vedder. oriivests mae 5 14 
dirtiest Gb aioe Saeee Adv. Surveying (Class)........... Co Bs G83: sa)) Prot: Cades.camisinancc wt 2 32 
dITT OSG acter merece Adv. Surveying (Field)........... CB Gass. Profs Cade: eta se ss: 4 32 
SUNIOTS Seen ee ce Dramage(Olass))s cc. scsas oon GOBa185 sy Prof Mitcheotk=...s45--05. 2 18 
dh Oder atesite Dramave: (Claes). ok. ees oe CS BS1S oe. \Profs Vedder te a feniec ns. 2 17 
Juniors Dramagel(ield) ice acne sss CrPelSiee | abrotsbitchcaGkece ser anes 2 15 
MLIDIOL eee a Drainage (Field)................ GP BO18y.2 i) Prof. Mitehcocks.)...). 2.) 2 17 
DeMOIA enue sas oe Surveying Methods (Class)....... Cole 2i act WErOf ee nip ante corte Rier 3 23 
SENIORS esate sera eater Surveying Methods (Field).......} C. E.2.....| Prof. Philp............... 4 23 
SENIOLSh is teeter Graphic Status (Class)........... Co Bates: | Profs Allens tans ae ces 2 25 
WEMlOnsnachiee eee Graphic Status (Class)........... Clb ads. : |i Profs Allens tc. - shat. 4 25 
Henlorsee. sac: Hydraulics: ie sere iste eat Ce Bivor: 33 \nbrotei@adess. => sein ncece 5 24 
WEMIOISssaeie eek Aivaralicg seeks sete seven COB: 5.24. Profsmaxtolis ete serees 5 21 
HenlOLs 2. sess Ebydranlicstern: ee eric ite eet Cebus Prot saxtonece eee gee ce 5 20 
Senlors=... 5... 555- Hydraulic Laboratory...............| °C. B.5a..-.| Prof. Saxton... -.-..2:5.-.: 4 9 
NenlOrsieeaeee ees Hydraulic Laboratory............ Ci bare Enotes SaxnOnlcmer- eerie 4 14 
Senlors. Acces tees Geodesy. (Class) oan.2ie cre l=), GAH GbSa. ebrotesveddersaoeseras nce - 1 9 
Seniors...... Geodesy (Field)................. CabN6bes| wbrotecadowere tanita. 4 9 
DENIOLS yoni ote sen PSLIGZ OY SELESSES Mia, aa) ancient ale aio yore CUE Salsas MErOP MEGGeLnaaecrterert ate - 3 13 
Seniors.ci2cteece Bridge Stressese. sare sess aera: C. E. 8a.. Proofer Vedder seas oheaice 3 9 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1922-1923. 


WINTER TERM 


Number | Number 

Class Subject Namie 3 Instructor hours students 

per week | in class 
Sophomores. ....... Sand, Cement & Concrete (Class)..| C. E. 16a...| Prof. Allen................ 2 23 
Sophomores........ Sand, Cement & Concrete (Class)..| C. E. 16a...| Prof. Hitchcock........... 2 15 
Sophomores....:...| Sand, Cement & Concrete (Lab.)..} C. E. 16a...| Prof. Allen................ 4 14 
Sophomores........ Sand, Cement & Concrete (Lab.)..| C. E. 16a Prof.yAvientesmeeryrccearcn ee 4 12 
Sophomores........ Sand, Cement & Concrete (Lab.)..| C. E. 16a Prof. Hitchcock........... 4 12 
Sophomores........ Sand, Cement & Concrete (Lab.)..| C. E. 16a Prof. Hitchcock........... 4 if 
Sophomores........ Sand, Cement & Concrete (Lab.)..| C. E. 16a Prof. Hitchcock........... 4 7 
Juniors and Seniors..| Agricultural Engineering......... C. E. 3a Prof.:Gadeveci4- eae deee ae 3 22 
UAMMIONS seieaee eet Mechanica oe setter <i prc barter ChmsAbe. | ubrotasaxtoner ket. cceee 5 13 
Aiticitoyes: Bose oe heer Mechanitsv. toss aoe ne ipebeks Cobeabes enon: Cadereancer aenies ere 5 16 
IMIOTSA seeaee Mechanicsii..9-r). sos seek acs Cans abe... (brots chilpyseet nso ene 5 14 
JMMONSEeeeeee oe Mechanitsssics este eet age ore GSB 4b 4) sProfiPhing ss 4 s-e hee acee 5 14 
ATEN (0) eet Geely nee Mechanies..... Se Me Wa Por CoE 4bs. o2|)MrGouldisc aie snes 5 13 
WUMIOLSe eee. cee eteas Mechanics: i002 6. Ne eine ette CrH abet o-\ MrsGouldenic see enue 5 14 
AIO erate eres Sewerage (Class)......+..+...--- C. BE. 19 ProfsiCadb.\.. mrss: a.tevoe ac 3 11 
MMOTS eee eee Sewerage (Class)................ Gabedoss 3) Mire Goulde? pe eer 3 13 
VUMLOLS Ae ee tie Topographic Mapping (Lab.)..... Gi Riias..c}Prok. Medder ia. cae ceeecise 6 12 
DUNIONS nae ee Cee Topographic Mapping (Lab.)..... Ce Bitacs - 2 werot Caden cavehosiericsg 6 8 
UNIGrESs eee ate Topographic Mapping (Lab.).. ... CABi7at 7s. MrAGould scent moseaee 6 8 
VOUMIONS sa eee ele Topographic Mapping (Lab.)..... GOUbE ass. 3) Prof Philp es seen 6 17 
SONIOUB Simenec etnies Bridge Analysis & Design (Lab.)..| C. E. 8b....| Prof. Vedder.............. 8 22 
Senlorssecscesonant Masonry & Arches (Cl).......... Gabe Qa:. . 2) ProksAllenrs.te ieee is 2 il 
Hers ses erie Masonry & Arches (C1)...:...... CoE 98%...) ProfeAllenpee. ccc sarki 2 10 
OLIOLS Ne eee terre Masonry & Arches (Lab.)........ Gubseat- | ProfeAllenfes tae. ceteris 4 il 
RONIOLE ae ore: Masonry & Arches (Lab.)........ ChBs9a-5-. |)-Prof. iteheotk. =~ yea 4 10 
NEDO eee ea Pavements. oan oear Ce BS102.,|), Prof. Saxtone a2 a. acu ee 2 22 
HOMIOLd ss eee eee Water Supply,.jct estes canes feces Cokin dbars |) Profesaxtone- ser... <e 5 10 
SENIOR eA sereseyeet State Highway Construction...... CLB}20a-..|| ‘ProtSaxtons-o,. 7am > -ne 3 17 
Saniors:se-. sess te Highway Waawss.2s-ccme...< gsc ChB 20bs) | {Profs Saxton car «22-2 2 17 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEARS 1922-1923 
SPRING TERM 


’ barton Number | Number 
Class Subject Romer Instructor hours students 
per week | in class 


Sophomores........ Surveying & Leveling (Class).....} C. E. 1e Prof, Allens sac: 5s Sceveimie ne 3 28 
Sophomores. ....... Surveying & Leveling (Class).....] C. E. le Prof.Cadey.soc nuk eone 3 19 
Sophomores........ Surveying & Leveling (Class).....] C. E. le....| Prof. Hitchcock........... 3 30 
Sophomores........ Surveying & Leveling (Class). .... Cun lem ee ern Gould's. Pas pacers 3 11 
Sophomores........ Surveying & Leveling (Field)... .. CoP el Cheyas MELOLS PAXUON=. Soh: cars te ere 4 20 
Sophomores........ Surveying & Leveling (Field)..... C. E. 1c Prof. Hitcheock......:.... 4 20 
Sophomores........ Surveying & Leveling (Field)... .. CBee: son) \erote bitchcock. 9.225. <% 4 28 
Sophomores. ....... Surveying & Leveling (Field)... .. (OSHA Ce eve) | eile Grube sete ei eos ne 4 11 
Sophomores........ Surveying & Leveling (Field).....| C. E.1e....] Mr. Gould............... 4 10 
Sophomores. ....... Ady. Surveying (Class)........... CrBE Gonos brotybinipsecsc. i. acta ee 3 18 
Sophomores. ....... Ady. Surveying (Class)........... CSOs eater Goulden sere 22ers crn: 3 12 
Sophomores........ Ady. Surveying (Field)........... GAB Ges |p robs OadGnce ait aan ec cten, otets 4 12 
Sophomores. ....... Adv. Surveying (Field)........... CoG me ELOt DUD ra eves tes etre 4 18 
SVGNIOEN aioe ot..5 sex Strength of Materials............ Coe AGr ass ExObeAUletren sah sciers <a © 5 14 
JTC Bee pees Strength of Materials............ (OMA DR CTR A lal (0) 2) in eee oon ae he 5 17 
ART ee SoLeaoege Strength of Materials............ CeWE4es. os Erne OUD ccarcterascicte ses oc 5 15 
AT OLER ep aROe aoe Strength of Materials. ........... C. E. 4c POL SE NUDE pee eecaic cn 5 20 
LOTTON A apo aleor se Strength of Materials............ C. E. 4e Profs bitehncock- 2. 2.26. 5 10 
NUMOISS eee baad Strength of Materials. ........... C. E. 4e Prof. Hitchcock. .......... 5 8 
PRINOT Ses Ne co tes Railroad Surveying (Class)....... (0) ay eee ETOP AXUOHS © ser zeca 3 19 
UNG ee Aamaocetor Railroad Surveying (Class).......| C. E.7 JE ak O07: ee ee 3 14 
CSR eA EAA OOS Railroad Surveying (Field)... ... C.E.7 Prof.iSaxton. 2.05. : 202. 4 16 
NUNMOTAR. fac hcoec Railroad Surveying (Field)....... Go Bei Propane s4 yaa cee sis 4 15 
SRUMOES Syeray she cere Astronomy (Class). :. 0.3). 02. 2... C. E. 14 PGR Vednene ye costae coer 2 19 
UMINIORS on ao toes Astronomy (Class)..............- C.E. 14 Prof. Vedder: =). 206-hh ecu 2 16 
WUDIGER Ss sedan nace Astronomy (Field)............... C. E. 14 Props Vedderae. oe ees 2 10 
JUNIOTS ue ree eee Astronomy (Field)............... C. E. 14 PEG VOUMOE eases nee see: 2 8 
MGNIOLSe ey olsee vee Astronomy (Field).............-. C. E. 14 Maw Goulden. a otacee 2 9 
MMIMMOTAls oayareraseeee Astronomy (Field)............... C. EB. 14 MirsiGomd omc. ue tienes. 2 8 
REOMIONAY ya) uectete Reinforced Concrete (Class)... ... C. E. 16b PLOfA Veneers sos sce ss 3 14 
A Gh hopaen raat Reinforced Concrete (Lab.)....... C. E. 16b ProrvAlleniy co eatiaee hs oo te 3 14 
EMO a ecoexace tie: Surveying Methods (Class)....... C. E. 2a Prom Calester cee de eee 3 24 
UIMOUse Rene ee ee Surveying Methods (Field)....... CHS 2as-Pal Protas Cader jue se ase sore 4 24 
DENIOLSs,. ace oa ee MPN GS Ses seers wea cee COBALT | Prof. Vedder... cG.ae..sra-- 20 21 
Delors. See See oe LNIGSIMS Seamee te a Bs, Renee nae CH Aes ECOL AMET ts te eeee afore cies 5 6 
eulOrs.26 chee Lee Contracts & Specifications........ Ce HS ISe es Prof Vedder. 2-28 eons 3 41 
SAMIOTSS eye ttt Sar Contracts & Specifications........ CP lao. brOhs, VEGGEE st <t.1ac. Sccreren 3 42 
EHIOUS Neos see ess Theory of Structures...........-.. COMialee |perorrANentes= anaes a eee 4 20 
SW ooo cpedemee Road Construction (Class)... ..... Co Niaes || ELOb SAxLOM a> jecets lees 2 15 
DEIIOLS Set ro eae cor = Road Construction (Field)........ (CSA DAR iced 8)! Men latorh qe) TAI Ae meee 6 15 


REPORT OF THE DEPARTMENT OF ELECTRICAL ENGINEERING 


To the President :— ; 


Sir:—Herewith please find the report of Electrical Engineering for 
the year ending June 30, 1925. 

The extended use of electricity stimulates to further study with the 
view of making the use of electricity more universal. Several problems 
are presented, some of them being as follows: To reduce the cost of a 
kilowatt hour in the face of rising cost of fuel and labor. It would also 
help to reduce the cost of freight haulage of raw material, for manu- 
facturing purposes. 
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It is now seriously proposed to extend huge bus bars across the United 
States in order to make use of every natural source of power whether it 
be water, or oil and coal deposits. This power is to be converted into 
electrical energy and made available at any point in any amount by 
suitable connections. When this is accomplished, Or: as. fastas aieis 
accomplished, it will change the economic situation generally. There 
are many technical as well as administrative problems in bringing this 
about. 

The Engineering Division of this College is now preparing options by 
which a student may prepare to participate in this work—either along 
technical lines or those of an administrative nature which require tech- 
nical training. 

An increasing number of students are taking advantage of these oppor- 
tunities, as shown by the size of the Senior class for the last few years. 


Year Seniors No. Graduating 
OMe ches sine ee eG erage, Nat tae eer ff 6 
LU 4 ha SONAR eerie hi OP AAR MARA eae 10: 12 
VOT Ae Rice Aik ayn terememe eee. ote a eee ape 14 13 
DS rhe are hk Ee oar athe aoe seein 10 . 9 
16 ee RE ADA gat Soo aan et Oy 12 12 
OS esd A acon nhae Sttae aye’ eae ate 14 14 
U1 ie anne Rome Lennar CR ORIC VEY tee a 6 6 
DUD Mie Se ot Src ttene late eck Suste eue aye 1 3 
OZ Wpssgame manic’ apenss shechte iercgerolonete ete oees 11 amt 
ODA rae Wag Rie Rctare, tar tee 15 16 
DES Sere cate a and edie Seeger 18 14 
TO DBL archie Ros: doers ees le a RO 25 24 


Various inquiries have been made to find out what employers of col- 
lege graduates want. The characteristics and their relative importance 
is indicated below—as brought out in a paper by Mr. J. W. Roe printed in 
“Industrial Management”. These results are typical of what other inves- 
tigators have found. 


(CHAT ACEGI e+ aie tan. Gite ate MeouetcaeEO ON Ae 41% 
Hud sements ici Newey are eee cree, oot uN 17.5%, 
RT CLGMOY 35 xh oes Saran ch aetcouas Matera 14.5% 
Understanding of Mien sci: 2/7 faethe ott nieneter tet 14% 
Knowledge.of Fundamentals (3.04404 so eee 7% 
PechMIGMesses aires na eet cee et eee 6% 


All of our men including some who were not able to graduate have 
abundant opportunity for fields of usefulness at remunerative work. 

However, it is necessary for us to add to our facilities and make such 
changes as are necessitated by new methods and ideas. This last year we 
have had one graduate student who has spent some of his time maintain- 
ing a broadcasting station, There is evidence that much might be 
accomplished by the College maintaining a suitable station for dissemina- 
tion of valuable information—interspersed with entertainment to make 
it go down. © 
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We need another man in this department for next year if we are to 
provide the courses which the catalog calls for. 
Yours very truly, 
A. R. SAWYER, 
Professor of Electrical Engineering. 


REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING 


To the President: :— 


Sir :—The following is a report of the work of the Mechanical Engineer- 
ing Department for the year ending June 30, 19238. 

The personnel of the department at the end of the year was as follows: 

H. B. Dirks—Professor. 

W. E. Reuling—Assistant Professor. 

G. C. Wright—Assistant Professor. 

G. W. Hobbs—Assistant Professor. 

C. R. Wiggins—Instructor in Metallurgical Courses. 

A. P. Krentel—Forman in Wood Shop. 

G. J. Posthumus—Instructor in Wood Shop. 

D. T. Millard—Instructor in Wood Shop. 

W. L. Watt—Instructor in Machine Shop. 

©. N. Rix—Instructor in Machine Shop. 

J. A. Eicher—Instructor in Foundry. 

B. Sangster—Instructor in Forge Shop. 

Kk. C. Crawford—Laboratory Engineer. 

Ray Pearson—Tool Room Attendant. 

Mr. C. R. Wiggins took the place vacated by Mr. P. J. Baker, and has 
given the work in the metallurgical courses in a satisfactory manner. Mr. 
Wiggins is making especial efforts to advance the work of the Foundry 
and it is to be hoped that sufficient funds will soon be available to make a 
start at least on the program he has outlined. He has continued the 
co-operation with the concerns in Lansing on problems in the heat treat- 
ment of steel. 

Mr. Wright has continued the development of the courses in Industrial 
Management and Factory Planning, and it was with regret that I received 
his resignation some time ago. As the health of both Mr. and Mrs. Wright 
during the past has not been as it should, they feel a change of climate 
to be necessary and are leaving for California. 

As in the past, assistance was given the Farm Mechanics Department 
in several of the Truck and Tractor courses. A course in Wood shop 
work was also given for Federal students. 

The courses given during the summer school, were somewhat better 
attended than in previous years, there having been six men registered in 


3 
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Wood Shop courses, and twenty-three men in three courses in the Machine 
Shop. Many of these were Federal students. 

The policy of the Department in making trips to Lansing Factories 
was continued and considerably expanded. Visits were made to Foun- 
dries, Forge Shops and Heat Treating Shops in connection with the 
work of the Sophomore year, and to the Automobile Factories and Power 
Plants, ete., in connection with the work of the Senior year. I wish to 
express my appreciation of the many courtesies extended to us on these 
trips. 

There was no new equipment purchased by the Department during 
the year. However, the Reo Motor Car Company were kind enough to 
present us with a six cylinder automobile engine, and the Olds Motor 
Works loaned us a similar engine for our work in the senior optional 
automotive courses. The Novo Engine Company continued the loan of 
a pumping equipment for another year. 

We have continued our experimental work with the Hvid type gas 
engine and feel that we have made some progress especially in the study 
of the action of the burning of the oil in the cylinder. We are still using 
this engine as the basis for much of our work in the shops. Patterns are 
made for it by the Freshmen, Castings by the Sophomores in the Foundry, 
the Machine work is done by the Juniors, and the design of special jigs 
and fixtures for machining operations by the Seniors. The latter also 
have planned an organization, and a factory to manufacture the engine 
as part of the work in Industrial Management and Factory Planning. 

The choice of the Seniors in the optional courses was again equally 
divided between atuomotive and industrial engineering. 

It is unfortunate that financial conditions are not such as to allow 
of the purchase of some much needed equipment. We have long been 
in need of an oil burning semi Diesel type engine, of which we have none 
in our laboratories, and which are much used in small lighting and power 
installations. We are also greatly handicapped in the work of the Mate- 
rials Testing Laboratory, because of lack of equipment. This lack has 
always necessitated giving much of the experimental testing a consider- 
able time before the students have had the underlying theory, with con- 
sequent loss of effective teaching. In the machine shop, although our 
equipment seems quite complete, we are in need of several additional 
machine tools, and I am hoping that it will be possible to obtain per- 
mission of the War Department, to sell two of the larger machines pur- 
chased through the Caldwell Act, and use the funds for ‘obtaining smaller 
equipment more suitable and necessary for the type of work done in the 
shops. 

I wish to express my appreciation of the work of the various members 
of the department, and also of the assistance and co-operation of the 
electrical and chemical departments. 

Respectfully submitted, 
Hi. . .B: /DIRES, 
Professor of Mechanical Engineering. 
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TABLE 1—CLASS WORK OF MECHANICAL ENGINEERING DEPARTMENT, 
FALL TERM, 1922. 
e Student 
2 No. of Hrs. per No. of 
Class Subject Gatinee Instructor Sank Leadanite hrs. per 
week. 
Freshmen......} Elements of Engineering....| 1........ Mrs Binselitys seers cieniens oo 1 191 191 
Freshmen......| Wood Shop..............- Dd seh Mr. Krentel, Mr. Posthumus.. 4 92 368 
Freshmen......| Forge shop.........:..... ade he ks Mr Sangstertstcsa-n cat coe. 4 86 344 
SROMMIOES aicewts < e Steam Engines............ MNOS Te aces Mr. Dirks, Mr. Hobbs....... 3 52 156 
MIDOIOES ul). 2 Steam Engines............ (pene Mr Dirks Was ose e rch 6 5 10 50 
SENOMS a, vet. Boilers & Stokers.......... Gas derass Mrs Dirks 2:2 ycsee seer cane 3 10 30 
VUNIOKS).. sss - Engineering Laboratory....| 13a...... Mr. Reuling, Mr. Hobbs... ... 4 41 164 
Seniors........ Engineering Laboratory....| 13d...... Mr. Reuling, Mr. Hobbs. .... 8 26 208 
Freshmen Wood Shops. .2<20. vec Ble pects Mr. Krental, Mr. Millard..... 5 137 685 
Sophomores....| Forge Shop............... US oe MeN Sangster:: ose se seein 4 52 208 
Sophomores....] Foundry..:............... Blew ce MrsBicherssans9--ecee ck cnt 4 56 224 
Freshmen.... . Machine Shop............ Glatte oes Mr. Wright, Mr. Rix......... 5 71 355 
UIONG...7-00%0 Machine Shop............. Goes eon Mr. Wright, Mr. Watter ees 5 10 50 
SENOTHs) «oto Machine Shop............. Goes: Mrs Wiattice caueeetiactiosae 5 23 115 
Juniors........ MSMInar a: Sentech ek (ie Reese MrsDinks S35 45.0 54! 2 4 8 
DeanlOrss s,s <. >. Seminaries neh sass eer (Peas Mr Dinke- oct eee case 2 23 46 
Sophomores....| Heat Treatment Re ae Min: \Wargindemecnen 216 sods 6 38 228 
Heduraleesrrei WOO SHOP ea was cro cae cciltnesene fea MresKrental ss sac ask cee 4 24 96 
LIGNE Ol yal ais oS amen acti fa aeaTarOoete fl BOOT ACRE RE Ben Geargenbe TeRSh MACE Se tee creer 946 3526 
TABLE 2.—CLASS WORK OF MECHANICAL ENGINEERING DEPARTMENT. 
WINTER TERM, 1922 
Student 
. No. of Hrs. per No. of 
Class Subject Cnarse Instructor weak students hrs. per 
week 

Seniors........ Industrial Management. . Bapaniaets Mire Winithitecr acim aoe on. 3 26 78 
Seniors........ Ind. Management (Lab.).. HOa Ce: Mr. Wen’ Mr: Watt... .. 9 12 108 
VOUIORS ss osja'< 2 (Gas EMP INOS o = occ.0 els saya MDE tere. Mir Et gbbsieiacctc race vote 2 33 66 
VUTHOUS sees Metallureyia.. canes se. Lies. Mr. Habba, Mr. Wiggins..... 2 32 64 
Seniors........ Timber Physics............ Mies Miro Reulings spec aecct acces 5 19 95 
UNIOKN ceearss = Engineering Laboratory....} 13ab..... MireReulingss si. taaraiae or 8 10 80 
VUNIOLS. se. - Engineering Laboratory....| 13b...... Mrs /Renlinges ease esr cee 4 35 140 
Seniors........ Internal Comb. Engines....| 17¢...... Mr Hobbsaas tach tetas caer 8 16 128 
Seniors........ Power Station Design. ..... ISDE se MrtDirkavteee tonne tesa 7 6 42 
Heniorss.< --< Costs & Accounting........ Tens. sok Mri Bissell. ea men ee 2 83 166 
Freshmen......| Wood Shop............... Bh nee Mr. Krentel, Mr. Posthumus.. 5 61 305 
treshmens.: yo. WOO SHODs, .<ctctnsecaers Doe otters Mrs Millardten ps atone cere 5 67 335 
PEDROMIOrGE,- wm phlonndity 347 oS aren soo GV AUR Seopa Wr. Wiggins, Mr. High ES 6 7) 450 
Freshmen Machine Shop............. GLa Mr. Wright, Mr. Rix......... 5 60 300 
JUnOrsyewee Machine Shop............. Gakee ca: Mr. Wright, Mr. Watt. Se. iF 11 55 
JUMIONS, 50 este 2 Semmarrgnasceamachese (leases Mire Dirks ey. etc cas cee 2 7 14 
Seniors........ NeMMAr sees eee W2biSaaee MSD irks esters ssa os aan 2 22 44 
BENIOLS see: Heat Treatment........... [Tp lee tte Mrs Wigeinsesc..c +f. seco. 5 23 115 
ao teal een ates | Rope crac, che uae icire raise esti: Ce poodle ooo) Cece 598 2585 
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TABLE 3.—CLASS WORK OF MECHANICAL ENGINEERING DEPARTMENT. 
SPRING TERM, 1923 
i : No. of Hrs. per No. of Student 
Class Subject ciate Instructor Saale students | Hrs: per 
week. 

Freshmen. ... . Wood shop ac-ce ees eoore he BAe ee: Mr. Krentel, Mr. Posthumus. . 4 56 224 
Freshmen.... . HWorge Shops. 2) eee Byatt Mr! Sangaters:fever ace cee 4 58 232 
Seniors........ Factory Design... i../.. 2... BD et gares Mri Wirights)--tees cons .ouee 7 12 84 
SIDES) 3 eee Engineering Laboratory....| 13¢...... Mr. Reuling, Mr. Hobbs... .. 4 80 320 
Juniors. ....- <2 Thermodynamics.......... Uae Mr Dirks 525 ee Sater 4 29 116 
Seniors........ Auto. Design... 24522522.) i by ft eee Mir Hope ce eee comer weer a 12 84 
DENIOLS sce ele Heating and Ventilation....| 18a...... Mr. Reulirig’ cet oer 3 23 69 
PENIOKSs= )).ceee beck serobe ce eee. cee 199352.) t:6 Mr. Dirks, Mr. Wright....... 10 24 240 
Freshmen... . . ‘Wood Shapit.2) cece een DO eter Mr. Krentel, Mr. Millard..... 5 91 455 
Sophomore....| Forge Shop............... Be ae Mr: Sangster:: . 0.2. sn... 5. 4 18 72 
Sophomores....} Foundry.................- Die catee Mr. Eicher. . 4 17 68 
Freshmen......| Machine Shop............ (ih eee Mr. Wright, Mr. . Rix.. 5 44 220 
Juniors..;-\.. 20 IMachine hop... ene. sl nla seen Mr. Wright, Mr. W athe 4 12 48 
DIMMOLS ee eee aes | EININIAL ee ee ceye Sere 71c. Mr Dirksen 2 eae ee cee. 2 5 10 
Seniors........ SEM AE Seon ceases 72¢ Mr- Dirks. eceeecras seats 2 22 44 

APO GALI) Peo BAG MP SRO SA wet OEY RR NT ree ay wees Emm ore Ot Ree Re te 584 2286 


REPORT OF 


THE 


To the President :— 


Sir:—I herewith present to you my seventh annual report as Head 
of the Department of Drawing and Design for the year ending June 


30, 1923. 


DEPARTMENT OF 


DRAWING AND DESIGN. 


The personnel of the Department for the College year is given below: 
R. K. Steward, C. E.—Professor. 

Chace Newman—Associate Professor, 

L. N. Field, B. M. E.—Associate Professor. 


A. G. Sheele, 


A. 


M.—Associate Professor. 


Miss C. L. Holt—Assistant Professor 
J. W. Steward, B. M. E.—Assistant Professor. 


BE: 


Stewart, B. 
C. i Brattin, B. 


J Rising, M. E.—Instructor. 


O. W. Fairbanks, B. 


Miss Edith Butler—Instructor. 
The work of the department has run along smoothly for the past year 
with each instructor doing better work and profiting by his or her past 
of the staff have been connected with 


experience. Most of the members 


S.—Instructor. 


iS. in M. E.—Assistant Professor. 
M. E.—Assistant Professor. 


the- College for a number of years, and have spent their vacations in 
profitable study along their particular lines. 
The Department will be permitted to offer Major 


and Minor work for 
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students in the Science Division beginning next year. It will also offer 
Minor work for students in the Home Economics Division. The above 
arrangement will make it possible for students to prepare themselves 
along any one of three lines, namely: a broad academic training, commer- 
cial art work, or a normal training which will prepare them to teach 
art in our public schools 

Some minor changes have been made in the courses for Engineers, but 
there is no reduction in total time allowed for drawing and Machine 
Design. 

The following is a teaching schedule of the Department: 

Respectfully submitted, 
R. K. STEWARD, 
Professor of Drawing and Design. 


TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
FALL TERM, 1922 


Subj 4 No. of 
Class Subject No Instructor Hours atidents 
Freshmen. ......... Mechanical Drawing......-....-.- 4ab-It, 52 eDe Ws Steward sieeve ort 6 20 
Freshmen.......... Mechanical Drawing............. Aab-2ees Mrs Brattini dase seek ae 6 19 
Freshmen. ..:...... Mechanical Drawing............. Aab-se.,.'|| Mr stewartawee ts ceeuee 6 15 
Freshmen.......... Mechanical Drawing............. Aare 4ee 23 | Mire inalds ce auc eel. Aion des 6 20 
Freshmen.......... Mechanical Drawing............- SAD=0e mele irs Brapiition cet. credo 6 18 
Freshmen.......... Mechanica] Drawing............. AabaGe 8s Mind Rismnoesuen ted eee ceases 6 15 
Freshmen.......... Mechanical Drawing............. Aab- fey e. | da Ws SUCWATG (Jace te els lek 6 14 
Freshmen.......... Mechanical Drawing............. 4ab-8....| Mr. Fairbanks.............. 6 14 
Freshmen.......... Mechanical Drawing............. 4abh-907.-)) | Mrs Brattine: sien. beeen 6 18 
Freshmen.......... Mechanical Drawing............. Zabel0se ah Mr Rising)... ose ee 6 21 
Freshmen.......... Mechanical Drawing............. 4ab-10 | IW Stewardsecs oss een 6 18 
Freshmen.......... Mechanical Drawing............. 4ab-12...] Mr. Fairbanks.............. 6 19 
Freshmen.......... Freehand Drawing............... Des Swit Mr. Scheele, Miss Butler... .. 10 19 
Freshmen.........- Freehand Drawing Science........ Algal ee MaRS MEL Olt yack erin penne 4 20 
Freshmen........ .| Freehand Drawing Science........ hand. ual MissiButlerincsaceeascesveos 4 29 
Freshmen.......... Freehand Drawing Science........ 2 a-3 55 Ne Mise Holt: suse oe coaches 4 21 
Freshmen.......... Freehand Drawing Science........ Wand hyo MISSP BULLER as stent ee ocion, 4 18 
Sophomores........ Descriptive Geometry............ Baalee es: Mrsmieldes soe: ce ete 3 6 15 
Sophomores........ Descriptive Geometry............ Daa-2 oe MrsStewartocweassceselaccun 6 13 
Sophomores. ....... Descriptive Geometry............ Dasoe ete Mrs Stewarts siete ee 6 18 
Sophomores........ Descriptive Geometry............ 5a4..... IR SRG be WARGO saci. cise detox: 6 17 
Sophomores. ....... Descriptive Geometry............ 5a-0..... MrShield ting tee eee sa cee 6 18 
Sophomores........ Descriptive Geometry............ Da=Oicoe ed Mir RISIn see eco e tatoo 6 20 
Sophomores........ Descriptive Geometry............ iy (ae Ree Stewardey. os. sac- 4 fies 6 19 
Sophomores........ Descriptive Geometry............ Da-8. 5... Mr; Hairbanks® 3 ;2,..0 ic! 32.0. 6 20 
Sophomores........ Freehand Drawing.............-. Diba eee IMrsScheole esse o ase 10 9 
Sophomores........ Freehand Drawing.......-....... 1b eae Miri Seheeles an. es2 ee aeons 10 10 
UNIOLS! eee ees House Architecture.............. 9 Ree Steward y=. eee ee 6 2 
MIMIOLSe epee eee Shades and Shadows............. Wa2ai Soe MrsNewmanson 2.5, cco se 6 12 
DUMIOLS acne ore Kinematicaeincattesacees acts wares Go=taaace le Mrs iieldsot onisee ener 4 9 
NAPIOLSe Steen tates Ady. Freehand Drawing.......... Ipstssce Mri Scheelessnnca eee 6 1 
Juniors... .. PE SREY Ady. Freehand Drawing.......... Meee ss.: Mrz Scheele: iss 20525 Seaeees 10 1 
S151 (0): HORE eaee eI VISOKVAOR ATG. er - eisits ele stepae DD iia saan Miss Holtio.saateeesecinass 3 19 
NENIOTRss essere ees Mechanical Drawing (Ags.)....... Bl eeeae Mr-Newmall. sesssecectee 6 5 
MMOLE. ossesio os ae Freehand Drawing............... Tiers Mr>Scheele ich ciicce noe oe eee 4 5 
DENIOIS hee ees Freehand & Mech. Drawing...... Ties. Mrs Newmany ase 2 10 6 
Freshmen.......... Freehand Drawing Science........ gee oF VLISSPDILbleneeeeern a eine ys 4 15 
1 Cg a He rele SK CIC eae IIT (CRE Sots 0 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN 
WINTER TERM, 1923 


‘hi No. of 
Class Subject No. Instructor Hours atudonts 

Freshmen.......... Machine» Desens. cnsenien nice: 22 1Ga=1/s7 2) Mrs Rairbankeiir serait 8 11 
Freshmen.......... Machine-Design ..')\).0..% 62+. 03. 1Ga-2: 52) Mee Bield 232: accent cen: 8 13 
Freshmen.......... Machine Desizni. acs ee ures.) sie l6a-3..... Mr) Rising easaee ance 8 12 
Freshmen.........% Machine tDesipntsiceeter = Senos UGa-4> 5) Mrs Mairbanksiy.: scretercte cess. 8 16 
Freshmen. ......... Machine Design................: I Acid | WP ANS hood doueeo be 8 16 
Freshmen.......... Machine Design.....)...........- AGa=G2 ciate Wes te WANG ase: ere iejnkteiatcryn 8 16 
Hreshmenteny.e cers. Machine Designs. -siccke coeee = LG Bas ieee be Wie LEWALOsecras aeecicers 8 13 
Mreshmenis-pseeeee Machine Design............-...- NG R=Sr ee UNG uRISIUD crise nteisreireree siete 8 11 
Freshmen..........- Machine Design... o.2.0. 00.02... 168-907 oe\ Mire Newman. since mnie ser 8 13 
Freshmen.......... Machine Design... ...:..........- 16a-10...) Mr. Newman............... 8 18 
Freshmen.......... Machine Desens snjebavinte ats 16a-11...) J. W.Steward......2...2..... 8 19 
Freshmen.......... Machine Design..............--- 169-1201...!| Mr. Mairbanksites.neimiwes ee 8 21 
Freshmen.......... Freehand Drawing............... bees i Mr. Scheele, Miss Butler... .. 10 13 
Preshmienins sic 2 Freehand Drawing............... Qh hele eos PMLISS ELON Us cress siercrsiele c eericiete ate 4 12 
Freshmen.......... Freehand Drawing..............-. Daas | MLISS DS UbleL ess ce, <paleeeeloese 4 15 
Sophomores........ Descriptive Geometry............ Ob=Lag es MrsiGtewantiincns eka ke cee 5 15 
Sophomores........ Descriptive Geometry............ Sb=2evs,cc| RA OLE WALG!. ome nec ns cee 5 15 
Sophomores........ Descriptive Geometry............ Sb=dae el Bo kle Ste Walden wire eens 5 14 
Sophomores........ Descriptive Geometry............ 5b-4..... MiiBreld ae -tciaticisecclic scents 5 13 
Sophomores........ Descriptive Geometry............ 5b-5...... RAKE Steward sce. 5 17 
Sophomores........ Descriptive Geometry............ B=). 0020). A. Stewanticn.csistiectee 5 18 
Sophomores........ Descriptive Geometry............ Das eit les R. K. Steward, Mr. Rising... . 5 12 
Sophomores........ Descriptive Geometry............ 5b-8..... B. HaStewartieasann so aeee D 13 
Sophomores........ Freehand Drawing............... Tey Mr. Scheele, Miss Butler..... 10 13 
Sophomores........ Freehand Drawing............... LG haat Mr:'Scheelets: tic eee tecan 10 10 
UMIOKS teen eeie en MachineyDesienicnisacuinence cnet Gd oan MrviPicld 2. stmecccseceee: 3 13 
Juniors and Seniors..| Freehand and Mech............. Dorman Mr. Newman’ taser eerie 10 6 
UMINIOLB see keastenic cle Machine Desien..o:2c-. eevee iW aaanee Mrs Brattinessantace nomen 6 16 
Senior sac ce. denise Machine Design...............-- Ofer Mrs Bieldes Wistaccinmteisereee 6 24 
MUNIONS ei wereieeistels Freehand Drawing............... Is Pied nites Mr: Scheele. sis se .h cere. 10 1 
ARNG) ioe sone adage Freehand Drawing............... DIES. eke aM cheapest civeeiace seit tele 10 ul 
ditty bo esoodecte Freehand Drawing............... Uremic Mr. \Scheelew.n. Paste aesciie tee 10 1 
ONLOTS He sire eleiske sins Anstory Ob Ants © eee eee een ae Demise: s. Miss) Holt: st2aeats coiecsts 3 23 
DEDIOMS steer eah eas Ady. Drawing and Color......... Nes eek MarliScheeleniittteececcenere 4 2 

"Dedtaal 2. gSe eG Ses ete coed ake coees Sea ae ete ae tS eae UE Icon eda Me Ae eS aye tk Meee eet Ene eee ae atec 446 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN 
SPRING TERM, 1923 


Class Subject No. Instructor Hours ie; at P 
Freshmen. ......... Machine Design...............-- 1bb=1s | adi. We oteward (th ssiaseejnearts 8 8 
Freshmen.......... Machine Design Nate MOMIPUSERIBIN B's cai teie as craninre teat ote 8 14 
Freshmen.......... Machine Design Mina Brattinvcedeetaae steer 8 10 
Freshmen.......... Machine Design MT SHR WSIU sohjerecaicccite teafevees 8 16 
Preshmen'y 6. crs: Machine Design Mw Rising ite aeuontearerbee 8 10 
Freshmen.......... Machine Design MS Ne wma stc.-:gscia tem fas 8 10 
Freshmen.......... Machine Design Mrs Stewartecns scans aa 8 11 
Preshmen...-... +. Machine Design Mp» Bairbanks i. teson er erescys 8 10 
Freshmen.......... Machine Design Mina lreldensrrat aastetietfersosrcies 8 9 
Freshmen. .........| Machine Design Mrs Brathinsgeceernacnasern 8 20 
Freshmen.........- Machine Design................. WGD=LE eds We Steward ses sci tacechs ac 8 21 
Preshmeni...:.... MacghingsD espn) sos .tens/actoslaete 16b-12...| Mr. Fairbanks.....:........ 8 18 
Sophomores........ Mechanical Drawing............. eal en RMKa Steward seta eo. cc. 4 9 
Sophomores........ Mechanical Drawing............. SaR-2 Foe Rew ObeWALG hressicacne saa 4 12 
Sophomores........ Freehand Drawing............... lw-l..... IMasstHolt free. cuisarec =. cst 4 12 
Sophomores........ Freehand Drawing............... Tw-20)../. Miss Butler 2. )a lenis «icles 4 14 
Sophomores. ....... Freehand Drawing............... lw-3..... IMissiHOltte sos crs tere ae 4 13 
Sophomores........ Freehand Drawing............... lw-4..... Misa Btitler= seo oe oerectoes cin ahe 4 11 
Sophomores........ Freehand Drawing............... Tw-5..- 50 IMIiBStEtoltnys sen tanttteot ns 4 6 
Sophomores........ Freehand Drawing............... lw-6..... WMissbutlersoc cr ctescere: 4 20 
Sophomores........ Freehand Drawing..............- 1w-7..... Misses ther te erctstarat ee relate ah 4 18 
Sophomores...:....] Freehand Drawing............... lw-8..... MiassButlersh scans seh tee) oc 4 10 
Sophomores. ....... Freehand Drawing Science........ PAGE rast Mxdscheele: yo) iat steena csi 4 11 
UAE IES Anoontoes Machine Design. ..........0..2.. 6d-4a7 -*.| MroBieldv. 5 2. .t. 620. .oe 3 5 
ANNO oe ieee Mechanical Drawing............. SDs Meee «il aR eaes ShewaL spe) Gwe ebb valle etetereselelos te 2 
UTIOES eb aaaonbeee Freehand Drawing............... ere he MreScheeles a4 jas.caceen ee: 10 3 
tt) ) 9 Freehand Drawing Science........ 75 Co ey Ma Seheelesaccecctite sstsioi nn: 1 1 
Juniors............ Freehand Drawing............... INS a Ape Mr Scheele: socks gaa ese welder 10 1 
Seniors aaraas onetavahihs Freehand and Mech. Drawing.....| 3c¢....... Mire Newman tytn ceieiet steer 10 6 
DEMIOIN ee cue Topographical Drawing.......... BTS ieee Mr Newman. - 222 sss6 -cteoc|itet eet ont 1 
Seniors. esas oe Ady. Freehand Drawing.......... 1G oe Mr. Scheele 10 9 
SOMOS ences. dees: Ady. Freehand Drawing.......... ueeeces Mr. Scheele 10 0 
DEMIOKS Cer tots s ares History of American Art......... 7 eB eres Miss etoliees. terdiente oeictisict 3 8 
SEMIOFBs sh) ies es NdvesHreehand sc seem toc. coke Tease Mr. Scheele 10 1 
Senora Ure ee spa Ady. Rreehand!) 12 0s toe te esas 1t.......] Mr. Scheele... 10 1 

Dotalermerraccinn’ eva sas kee Ot Goa EL A baal e ha) Ded ND uh tell Me eg er died, Phere ill aaa 355 
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REPORT OF THE DEAN OF HOME ECONOMICS 


To the President :— 


Sir :—I have the honor to present the following report of the Division 
of Home Economics for the fiscal year ending June 30, 1925. 


PERSONNEL OF DIVISION, 


Louise H. Campbell, Acting Dean. 

Ethel G. Webb, Associate Professor. 

Winnifred H. Gettemy, Associate Professor. 

Anna Bayha, Associate Professor. 

Lola G. Yerkes, Associate Professor. 

Osee Hughes, Assistant Professor. 

Marie Dye, Assistant Professor. 

Louise H. Clemens, Assistant Professor. 

Harriet Y. Colvin, Instructor. 

Sylvia Borgman, Instructor. 

Josephine Hoffarth, Instructor. 

Ruth Wilson, Instructor. 

Ruth Cowan, Instructor. 

irma Gross, Instructor. 

Florence A. Keepman, Instructor. 

Rachel Talbot, Instructor. 

Mrs. Harry Persons, Instructor (Part Time). 

Grace A. Cone, Instructor (Part Time). 

Miss Irma Gross was granted leave of absence for the spring term, 
1925, in order to pursue studies toward her Master’s Degree at The Uni- 
versity of Chicago, as well as to do some teaching while here. 

* Miss Josephine Hoffarth came to us January 1, 1923, to substitute for 
Miss Gross during the spring term. Miss Hoffarth also taught the Gen- 
eral Foods Classes. 

Miss Grace A. Cone, of the Lansing Social Service Bureau, had charge 
of our course in Social Service Work, (H. E. 13 a, b, c), during the fall 
and winter terms but, because of a lack of finances, this work had to be 
discontinued at the end of the winter term. 

Mrs. Lora Person was employed to teach Home Care of the Child 
(H. E. 30) during the fall and winter terms but, because of the small 
number of students classifying in this subject, it was also discontinued 
at the end of the winter term. 

Miss Ethel G. Webb, of Carnegie Institute, Pittsburgh, Pennsylvania, 
came to Michigan Agricultural College on January 1, 1923, as Associate 
Professor in Costume Design. 

Mrs. Harriet Y. Colvin came to Michigan Agricultural College about 


DEPARTMENT REPORTS 73 


October 15, 1922, to take charge of the Flower Pot Tea Room and also to 
do some advanced Institutional teaching. 
The following members of the Home Economics Staff have tendered 
their resignations, effective at the close of the spring term, 1923: 
Mrs. F. W. Keepman (because of duties at home). 
Miss Ruth Wilson (to be married in the Fall). 
Miss Anna Bayha (Granted leave of absence for coming year, in order 
to make tour around world and spend six months at Columbia). 
Miss Lola Yerkes (Merrill-Palmer School will pay all members of Fac- 
ulty from M. P. funds). 


STUDENT ENROLLMENT. 


The total enrollment for the year 1922-23 was as follows: 


NS STEMI ETC esi ahd axa sek Gps Ble hah AS? GUL TP eae a a : 5 
SABI TINCO ei ein gees iti Vag Oot eit Gs ar ame a NAM Me i 69 
PO PGOURONGa sere iaue se Wide areas the oo area oc crerss see re Soothe) 
RESIN RS re ree ieep are sane aes ols oe bade che rei one Oe aire a we 115 
Pes NCEA USMML On aL oP aiey pater ows iar onsiat ae. sar Glentie wie ward olataod ack tone 5 
URMMINEI RS CHOON a eee oor eek rns, coe siete moat cities eens cians 105 
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COURSE OF STUDY. 


The course of study adopted at the beginning of the school year, 1921-22, 
was used the past year and found to be very satisfactory in most respects. 
The course for 1925-24, however, has been revised from the twenty to 
a sixteen hour credit basis to conform with the general revision of the 
college course of study. 

After numerous conferences with members of the various departments 
of Michigan Agricultural College, the course, as outlined below, has 
been adopted and will be used during the next school year. The teaching 
staff in other divisions have expressed themselves as being delighted with 
the possibilities it affords for a wider selection in subjects and feel that, 
as a result, a broader type of college work will be voluntarily taken. 

Seven Majors are offered in the revised Home Economics Course: 
General, Foods and Nutrition, Institutional Management, Clothing, Tex- 
tiles, Related Arts and Vocational. In each of these the work is prac- 
tically the same for the first two years. The Majors are offered to 
permit the student to specialize in the phase of Home Economics in 
which she is most interested. In’the junior and senior years, a minor 
in a related subject consisting of 8 to 16 hours per year is required. In 
some majors the minor is specified. 

All majors prepare for teaching and a student in any one of them may 
obtain the state four year certificate to teach by electing Education 2, la, 
and either 3, 3a or Economics 2 or 7. It is strongly recommended that 
she take Practice Teaching, Education 5a. This certificate may be 
changed to a life certificate at the end of four years’ successful teaching. 

The General Major is designed to give students general training in 
Foods, Nutrition, Clothing, Textiles, Home Management and Child Care, 
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and to allow at the same time a wide range of electives so that they 
may take four years in any of the sciences, in English, in Language, in 
History or in Econoniics, if they so desire. This type of training will 
prepare for teaching Home Economics in elementary and secondary 
schools, for social service workers and for teachers in related fields of 
science and letters, and for homemaking. 

The foods and Nutrition Major gives the students advanced work in 
Foods, Nutrition and Institutional Management. The minor is elective. 
This will give preliminary preparation for the profession of dietitian, 
director of nutrition clinics, visiting housekeeper, hospital dietitian, 
demonstrator for commercial firms and special editor on magazines for 
women. 

The institutional Management Major includes tea room management, 
cafeteria management, advanced cookery, accounting and marketing. The 
minor is economics. The student is qualified to be director of school lunch, 
cafeteria manager, tea room manager, etc. 

The Clothing Major included advance work in clothing construction, ° 
tailoring, costume design, millinery, home decoration, and textile buy- 
ing. The minor is elective. It gives preliminary training for buyers in 
department stores, designers of clothing and millinery, interior dec- 
orators and for editorial work on women’s magazines. 

The Textile Major is arranged to give training in all phases of textile 
chemistry, buying and selling of textiles, economics, clothing construc- 
tion and home furnishing. The minor is chemistry. It gives specific 
preparation for commercial positions and leads to the following: buyers 
in stores, advertising, teaching of textiles and textile chemists. 

The Related Arts Major includes courses in home furnishing, costume 
design, applied design, clothing and art. The minor is art. This gives 
preliminary training for commercial positions as advisors in clothing 
and house furnishing departments, for editors for women’s sections in 
magazines and papers, and, with some further art training, to professional 
costume designing and interior decoration. 

The Vocational Major fulfills the requirements for teaching under the 
Smith-Hughes laws. It requires work in clothing, foods, dietaries, child 
care, home management and education, including practice teaching. The 
student receives a recommendation of approval to teach in a Smith- 
Hughes school, in addition to the regular four year state certificate. 
The minor is education. 

The course is strengthened inasmuch as Chemistry is put in the fall 
term, which makes it ‘possible for students in the spring term to choose 
either Foods or Clothing in their Freshman year. 

Another desirable feature about the revision of the course is the fact 
that those who are interested in Drawing and Design may begin in the 
fall term, Freshman year, by postponing Mathematics until fall term, 
Sophomore year. 


PROBLEMS IN NUTRITION (H. BE. 14 a, b, and c): 


The Home Economics Division has materially broadened the scope of 
its work this year by the employment of Marie Dye, Ph. D. in Nutrition 
and Chemistry from the University of Chicago, who was brought here 
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for the purpose of developing a graduate and research department in 
this Division. A fund of $1,600 was made available for the equipment 
of a small nutrition laboratory for use for research and for advanced 
nutrition courses. A few large pieces of apparatus which can be moved 
to the new Home Economics Building have been purchased this year 
such as a Benedict Portable Respiration apparatus, and an excellent 
electric oven, centrifuge and balance. Other supplies were bought in 
small amounts, enough to take care of classes for this year. This equip- 
ment will form the foundation for the laboratory provided in the new 
building. 

Miss Dye’s work this year has been one of securing, installing and 
organizing the equipment in the laboratory and the conducting of classes 
in advanced nutrition. 

Two students have already made application for graduate work, looking 
toward receiving an advanced degree and plans have been made for start- 
ing research as soon as the laboratories in the new building are available. 


SPECIAL INVESTIGATION IN NUTRITION (H. E. 15): 


The content of this course has been entirely changed from that of last 
year. The lecture work has consisted ‘of a study of special phases of 
Nutrition, such as the problem of the cause and prevention of rickets, 
the relation of iodine in the food supply to goiter, and the relation of 
calcium to the formation of bones and teeth. 

The laboratory work has consisted of actual experiments with rats, 
demonstrating the effects of proper and improper selection of foods upon 
the growth and health of the animal. New stock animals have been pro- 
cured for the colony and it has been materially enlarged. New cages have 
been built for the stock animals and small cages purchased for those on 
experimental diets. 

The value of this course to the student is perhaps self evident since, 
as is easily seen, it brings home very forcibly to the student the relation 
between the selection of food and health. 


RESEARCH PROBLEMS IN NUTRITION (H. B. 16): 


The lecture work of this course has been devoted especially to the 
study of the research methods, used for the establishment of standards 
for total food requirements and protein requirements. 

The laboratory work has been a continuation of the animal experi- 
ments started previously and the measurement of basal metabolism of 
all students in the class, together with the determination of nitrogen 
intake and output on high and low protein diets. 

This course is preparatory for the beginning of research work as 
graduate students and gives the student an appreciation of the method 
and value of research. 


PROBLEMS IN NUTRITION (12a, b and ¢.): 


The field work in Nutrition (H. E. 12a, b and c) which was begun 
last year, as a separate course elective for all students but Food Majors 
and a required course for them, has been continued during the year 
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1922-23. We have again secured the co-operation of the Lansing Board 
of Health and of the school authorities of Lansing and of East Lansing, 
so that special classes for under-nourished children have been made a 
part of the regular curriculum. Classes were held in the upper grade 
rooms of the two fresh air schools, Townsend Street and East Park, 
and for special groups in the Cedar Street School in Lansing and the 
Central and Liberty Hyde Bailey Schools in East Lansing. 

The method of conducting this work has differed in certain details 
from that of last year in that it has been intensive rather than extensive. 
The number of children reached has been less (about one hundred), but 
each child has received individual attention, including home visits by the 
college students. A serious effort has been made to obtain co-operation 
with the home, emphasis being placed on the development of good health 
habits rather than upon gains in weight alone, since we are of the opinion 
that a knowledge of the fundamental requirements for food, rest and exer- 
cise, is of more permanent benefit than gains in weight which may be 
temporary. 

Our results do show gratifying gains in weight, as is brought out in 
the table quoted on the next page. Certain specific cases, of course, show 
gains far in excess of the average, such as Doris E. and Virginia G. at 
the Townsend Street School, who gained thirteen and fourteen pounds 
respectively, and three boys and one girl at other schools, who have 
gained ten pounds each in a period of seven months, the normal rate 
of gain being three and one-half pounds for this length of time. 


TAPLE. 
Children enrolled at beginning of year.................-. 105 
(Chaldrenvenrolled. at end sob Wear, ise crinve ara siesass sieiteebey a 82 
Percentage of normal gain 
CEMA TOISLPEGty can. ccatcircs yesein ins aaa ee toe aaa ene Bee 107.0 
L SOP Shia BW npn bc gentle Re pa en eC esies par SRE Get 1 105.0 
AD ORWINSE IIS ore hee ae wasters the opt etedee Be Urauum Sie kab ae Ban cunt se 156.0 
EQS EE aE oe tan wes esa, aiiac Wine I of darlin nee Rc nn at 157.0 
PA VERA TON oie eaare ais laie eerie es ape esa er ee ae 131.0 


Other results, even more important, are not easily shown, since statis- 
tics for changes in food habits are practically impossible to obtain. The 
following are illustrative of such results, which occurred in a majority 
of cases 

Milton J., son of a Greek restaurant keeper, at the beginning of the 
term ate irregularly and lived almost entirely on “weiners” and pie. 
About the middle of the term his mother reported that he was eating 
three meals a day, breakfast consisting of oatmeal, milk, bread and butter 
dinner of meat, potato and other vegetables, and supper cf potato, egg, 
fruit and milk. 

Ora G. was extremely fond of sugar and ate it in great excess, to the 
exclusion of other foods. His mother had great difficulty in keeping it 
away from him. At the end of the term, however, he had stopped this 
habit, and was deyeloping good habits of food selection. 
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Many of the children have learned to like vegetables which they would 
not eat before. Others have learned to eat and to like milk and eggs. 

There are many benefits to the college students enrolled for this work, 
among them being the development of a sociological interest, direct 
contact with the results of improper feeding, practical experience in the 
managing of children from the ages of 8 to 14 years and practice in 
conducting health classes. It also makes it possible for them to enter 
a vocation other than teaching home economics in the high school and 
two of our students this year have gone into health work; one in the 
state of Michigan and the other in the Southwest District of the Amer- 
ican Red Cross. 


CLOTHING (H. EF. 50a and 90): 


The content of these two courses has been almost identical this year, 
preparatory to making the Freshman sewing course uniform for all 
students next year. 

In the Clothing courses the aim has been to present problems more 
from the standpoint of selection than construction. Selection is made 
from the economic, hygienic, artistic and technical viewpoint. 

Lectures from the following local merchants have been of great value 
in teaching selection, especially from the economic point of view: 


Mr. Sprowl, of Sprowl Brothers. 
Mr. Metcalf of Shubel’s Shoe Store. 
Mr. Baker, of F. N. Arbaugh & Co. 


Two representatives from Mill’s Dry Goods Company gave demonstra- 
tions and talks and, through the courtesy of Mr. Crotty, who furnished 
the material, the Dennison Company Representative gave a demonstra- 
tion of costumes and various articles made from their products. 

In H, E. 50, which includes the study of children’s clothing, an experi- 
ment was carried out by an Instructor who has been a designer of 
children’s clothing, constructing one series of garments according to 
factory methods, followed by one made according to custom ‘methods. 
It was found that conditions in the college work room did not duplicate 
factory conditions sufficiently to make it a problem to be continued. 

In H, BE. 52 the work in tailoring has been in charge of Mr. Jaques 
Joseph, a Lansing Tailor. This has proven much more satisfactory than 
the plan followed last year of sending the students down town for this 
training. 

H, FE. 54 has been limited to a special problem in dress design. 


FIELD PROBLEMS IN TEXTILES (H. E. 55): 


The purpose of this course is to permit the student to do advanced work 
along the line in which she is most interested. One student this year spent 
half of her time in one of the interior decorative studios in Lansing and 
the other furnishing the guest room of the Practice House with a limited 
amount of money. 

Another student, who was a transfer from another College and who 
was interested in shop methods of dress construction, spent her laboratory 
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hours in the Margaret Hoover Shop. Her lecture periods were spent in 
conference with the Instructor in charge. 


INSTITUTIONAL MANAGEMENT (H. 5, 20 and 21). 


The growth and development of this work during the past year has 
been very satisfactory. The lunch room project at the East Lansing High 
School has been continued, and this experience has been invaluable to 
the students. 

Institutional Management classes were conducted in the Womans’ 
Commons and in the Flower Pot Tea Room. The course consisted of 
practice work in the kitchen of the Woman’s Commons, complete prep- 
aration of meals, menu planning, study of equipment in various Insti- 
tutions, and observation of lunch rooms, tea rooms, cafeterias and hotels. 
If the Institutional Management classes are carried on in the same 
manner next year, more definite arrangements should be made with 
the Director of the Womans’ Commons. 


WOMANS’ COMMONS: 


At the beginning of the spring term, 1923, all of the Home Economics 
students on the campus were required to take their meals at the Womans’ 
Commons or at the College Residence. This was done because of the 
fact that so many of the students were eating at irregular hours and 
did not select the proper food. The Commons, this past year, has been 
operated the same as formerly; that is the Home Economics Division 
hes assumed complete responsibility for all over-head expense and service. 

At the end of the school year, the Commons paid to the College $1,200 
for rent and all expenses incurred, including Miss Borgman’s salary, with 
a balance of cash on hand amounting to $5,414.00, for replacing old 
equipment. 

It is the opinion of the people in the Household Science Department 
that all food purchasing, as well as the general management, should be 
under one head. Under such an arrangement, all foods required by the 
various departments could be secured at wholesale rates. 


FLOWER POT TEA ROOM: 


The Flower Pot Tea Room was opened the latter part of January 
under the supervision of Mrs. Harriet Y. Colvin. The purpose of running 
this Tea Room was to give Advanced Institutional Management (H. EF. 
22) to the students desiring to take this work. The demand for this 
course is greatly increasing and, in order to vary the different types 
of problems, it was thought desirable to open the Tea Room, since it 
offered a type of training impossible to obtain in any other capacity. 
The training in the Tea Room includes serving, assisting in the prep- 
aration of food, managing the dining room at times, and the students 
were given the entire responsibility of taking care of Sunday night 
luncheons. This develops independence and self reliance, which the stu- 
dents have no opportunity to obtain in a larger Institution, such as 
the Womans’ Commons. In addition, they have the problem of manage- 
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ment to make a profit, which has not been any part of the training 
offered in the Womans’ Commons. : 

Three students, taking this course, have gone into Institutional Man- 
agement work this year and we have received word of several openings 
with exceptional futures for students qualified along this line. 

Unfortunately, the Tea Room has not been a financial suecess. This 
has been partly due to the fact that it was not started until late in the 
season and was not established until winter had set in. The students, of 
course, had already made arrangements for their board and very few 
could afford to take their meals outside of the Dormitories. 

The Home Economics Department feels very strongly that the Tea 
Room should be kept open, if possible, or at least until the Union 
Memorial Building is completed. 


HOME MANAGEMENT PRACTICE (H. BE. 32): 


The work at the Practice House has been continued this year as 
formerly. 

Field trips taken by Practice House students include the Lansing 
Steam Laundry, the Western Electric Company, Jury-Rowe Company, 
and Hoover & Bond, these trips being supplemented by special reports 
and investigations by members of the class. 

The work of furnishing the Practice House has been continued this 
year, with the remainder of the fund subscribed by the Alumnae. The 
guest room has been completely furnished and several new pieces of 
furniture have been purchased for the down-stairs rooms. The senior 
girls, of their own volition, are purchasing a piano, by subscribing $15.00 
a month until all payments are completed. .During the spring term, 
the ffoors of the Practice House were repainted and a new rug and 
furniture added to the Instructor’s living room. 

During the school year, there were forty-eight residents in the Practice 
House. 


MERRILL-PALMER SCHOOL: 


The work which the students are doing at Merrill-Palmer School in 
Detroit, is proving exceedingly valuable and the interest in this project is 
‘apidly increasing among the students. There have been numerous requests 
from students on the Campus to be allowed to take the course at Merrill- 
Palmer, because they are beginning to appreciate the real worth of such 
a course. 

The Merrill-Palmer Board has arranged to pay the salaries of their 
instructors, without outside assistance and, therefore, Miss Lola G. 
Yerkes is no longer on the pay-roll of Michigan Agricultural College. 
This has made no difference, however, in the number of M. A. C. girls who 
will attend Merrill-Palmer next year, since they will continue to take 
six of our girls each term, although the entire number of students will 
be limited to twenty. The Merrill-Palmer Board is highly pleased with 
the type of girls we are sending there. 

Students returning from Merrill-Palmer express a very strong desire 
that more general Psychology be given at Michigan Agricultural College, 
in order to prepare them for the more advanced work at Merrill-Palmer, 
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HOME CARE OF THE CHILD (H. B. 34): 


This course was given on child welfare including lectures and demon- 
strations by a trained woman on the care of well children and how to 
keep them well, both physically and mentally. When the new Home 
Economics Building is completed, it is hoped that this course can be 
given more attention and be so developed as to compare very favorably 
with the same type of work being offered at the Merrill-Palmer School 
in Detroit. 


PLANNING OF THE NEW HOME ECONOMICS BUILDING. 


A great deal of time and thought has been spent by the Home Eco- 
nomics Faculty in remodeling the plans for the new building. Inasmuch 
as a well equipped kitchen and dining room will be installed in the 
Union Memorial Building, it was deemed advisable to cancel the plans 
for a cafeteria in the Home Economics Building. The changes that were 
made have been passed upon and approved by the Building Committee 
of the State Board of Agriculture. 

The equipment for the building has been carefully worked out by 
members of the Home Economics Faculty but, at the time of writing this 
report, no equipment has been ordered. This has been delayed, awaiting 
the appointment of a permanent Dean of Home Economics, so that she 
might have an opportunity to pass upon the equipment before it is 
installed. 


CHANGES MADE IN DORMITORIES AND HOUSE MOTHERS: 


At the beginning of the school year there were ten Dormitories— 
Womans’ Building, Abbott Hall, Senior House, Virginia Halladay House, 
Johnson House, Waterbury House, Black House, College Residence, 
Corcoran House and the Kathryn Friday House, with the following 
House Mothers: Mrs. Baker, Mrs. Murdock, Miss Yakely, Mrs. Peterson, 
Mrs. Dow, Mrs. Black, Mrs. Eastman, Mrs. Corcoran and Mrs. Weamer. 

In November, Mrs. Reason was appointed House Mother at the Womans’ 
Building. 

During the winter, the epidemic of Influenza and Scarlet Fever was 
so great that it was necessary to give up the Kathryn Friday House for 
hospital use. The girls were placed in the Black and Corcoran Houses. 
Later when the Lambda Chi Alpha House burned, the Kathryn Friday 
Dormitory was used at a “Frat”? House until the close of the year. 

Mrs. Murdock resigned at the close of the winter term, and Mrs. 
Weamer filled this vacancy as House Mother at the Senior House during 
the spring term. 

It is recommended that great care be exercised in the selection of 
House Mothers for 1923-24. The House Mothers should be women of 
broad training, experienced with young people and of the type qualified 
to bring about the building of strong characters, ; 
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STUDENT SELF GOVERNMENT ASSOCIATION : 


The Student Self Government has established itself as a permanent 
feature of life at M. A. ©. Many points have been noted that need to 
be strengthened and when this is done a better system will be established, 
resulting in a clearer understanding and better co-operation between 
officials of the League and the House Mothers. In this connection, it is 
felt that there should be a tightening of the rules relating to student 
privileges, especially in reference to Freshmen. This would result in 
great benefit to the college as well as being a permanent help to the 
girls. 

In closing the work of the Home Economics Division for 1922-23, I 
wish to acknowledge the splendid co-operation and excellent service of 
the Home Economies Faculty. I also wish to acknowledge the help and 
interest received from other departments in further developing the work. 

Respectfully submitted, 
LOUISE H. CAMPBELL, 
Acting Dean of Home Economics. 


REPORT OF THE DEPARTMENT OF TEACHER TRAINING, 


To the President :— 


sSir:—Herewith please find report of the above department for the 
period ending June 50, 1925: 


Personnel of the Department: 


Walter H. French, Professor of Agricultural Education. 

Dean Louise H. Campbell, Professor of Home Economics. 

EK. Lynn Grover, Associate Professor. 

Branson A. Walpole, Assistant Professor. 

Mrs. Josephine Hart Fogle, Assistant Professor. 

Miss Emma P. Garrison, Assistant Professor. 

The Department of Teacher Training has charge of presenting the 
courses in Education, and directing the practice teaching for those who 
are preparing to teach agriculture and home economics, also the 
visitation and inspection of schools where our graduates are employed. 

The courses in Education for the teachers of agriculture are as follows: 

Education 4, Educational Psychology 

Education 5, General Methods and School Administration. 

Education 6, Special Methods in Teaching Agriculture. 

Edueation 6a, Practice Teaching. 

The courses in Education for the teachers of home economics are 

as follows: 

Education 1, Psychology. 

Education la, Special Methods in Teaching Home Economics. 
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Edueation 2, General Methods and School Management. 
Education 3, History of Education. 
Education 3a, Practice Teaching. 


During the year 186 agricultural students have pursued the courses 
in Education and of these 66 were enrolled in Education 6; 66 in 
Education 4; 54 in Education 5; and 55 graduates were granted teachers’ 
licenses. 

During the same time, 280 different students from the Home Economics 
Division have been enrolled in educational courses and of these 93 were 
in Education 1; 101 in Education 2; and 86 in Education 3; and from 
this Division 58 women were graduated and granted teachers’ licenses. 
These figures show that the college is doing its fair share towards pro- 
viding teachers of vocational subjects for the public schools of the state. 
So far, we have been able to provide sufficient number of teachers of 
agriculture and there has been a surplus each year which has been dis- 
tributed in nearby states. Practically all of our graduates in home 
economics are absorbed by the home economies schools in Michigan. 
This institution at the present time is providing practically fifty per 
cent of the home economics teachers of the state. 

This Department operates so far as teacher training is concerned, 
under the provisions of the Smith-Hughes Law and under the require- 
ments made by the State Board for Vocational Education. 

By arrangement between the Boards of Education of East Lansing 
and Haslett, classes are provided for practice teaching in agriculture 
and in home economics. A separate building is provided for the classes 
in agriculture and a four unit course, corresponding to the regular 
work in the public schools, is maintained. 

The practice teaching is under the direct management of Mr. Grover 
and Mr. ‘Walpole. We also use the consolidated school at Haslett for 
certain classes in agriculture. 

In both East Lansing and Haslett there is a department of home 
economics organized on the regular Smith-Hughes plan. The equip- 
ment is provided by the college. Mrs. Fogle and Miss Emma P. Garri- 
son have immediate charge of the practice teaching in home economics. 

It is our plan to have the teacher trainers visit schools each year 
where our graduates are employed. We make it our business to inspect 
the work of the beginners—that is, those who are out on their first year 
of teaching, and render whatever service we can to enable them to 
organize their departments of agriculture and home economics accord- 
ing to the State Plan; also check up on their methods of work, both - 
school and in the community. This we call “teacher training in service.’ 
It gives us an opportunity to assist the young people and “at the same 
time determine whether our teacher training work is effective. 

The expense of the department for instruction for the year, has been 
approximately $19,000 including the summer school. 

During the current year, there have been seventy-six agricultural 
departments in connection with the public schools of the state and these 
departments will share in the distribution of federal and state funds. 
There are 38 schools giving instruction in home economics for which 
federal and state aid is allowed. 
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It should be said that all the young men and women who complete 
their college course, together with courses in Education, do not enter 
upon the profession of teaching. Because of their training and experience, 
many of them occupy managerial positions and others are to be found 
as professional specialists in agriculture and home economics. 

It seems to be the attitude of these young people that they owe some 
special service to the state which has afforded them educational training 
and they are ready and willing to pay their debt. In some cases it is 
probable that teaching will be a stepping stone to some other business 
or profession, but it does not necessarily lower the standard of service 
or the professional attitude maintained by our graduates. 

Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 


REPORT OF THE DIVISION OF VETERINARY SCIENCE. 


To the President :— 


Sir :—Herewith I present the thirteenth Annual Report of the Division 
of Veterinary Science. 

During the year just closed no changes in the personnel have occurred 
in the veterinary faculty. Dr. O. A. Taylor has devoted more of his time 
teaching in the physiology department while Dr. H. KE. Johnson has 
devoted his entire time to the subject of Anatomy. 

The department of Surgery and Medicine has conducted the largest 
clinic which has obtained since the establishment of the Division which 
is compared in the following chart. 


Year Equine | Bovine | Ovine Suis Canine | Feline | Aves. Mise, Total Nature 
56 86 839 250 88 4 1 1 1,325} Med. Amb. 
103 735 i 1,642 101 Ty EN ae 1 2,598 | Surg. Amb. 
PIED IG She rete 
8 21 5 6 144 th 5 2 198 | Med. Hosp. 
137 140 1 12 144 34 2 5 475 | Surg. Hosp. 
4,596 | Total 

122 73 426 343 243 gE Se Se ol ete ee 1,217 | Med. Amb. 
80 705 2 192 271 1 taal he oeae At el bin Ala 1,265 | Surg. Amb. 

LO 221928 ata ere f 
38 21 403 100 221 1A toca Ae aac eRe 1,001 | Med. Hosp. 
131 211 8 361 282 Gar [ie daeentcltte fe ee 1,026 | Surg. Hosp. 


4,509 | Total 
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The meeting of the American Veterinary Medical Association at St. 
Louis, Missouri, was not attended by any member of our faculty, the atti- 
tude of the College toward assuming no part of traveling expenses of 
members of the veterinary faculty in time is responsible for such non 
attendance. 

The International Live Stock Show and meeting of the United States 
Live Stock Sanitary Association in December was attended by Drs. 
Chamberlain, Hallman, Hutton and Runnells. The meetings of local 
Association, the Thumb, Detroit and Adrian have been attended by one 
or more members of the Division. 

The Annual Meeting of the Michigan State Veterinary Medical Associa- 
tion was held February 6th and 7th, 1923. The meeting was better than 
the one of the preceding year. At the February meeting of the Associa- 
tion by vote changed its Annual meeting to June 26th, 27th and 28th. 
This was done to draw a larger attendance. 

The Forty-First Annual Meeting of the Michigan State Veterinary 
Medical Association held on June 26th, 27th and 28th was entertained 
by the College, the gathering was not as large, 1838 men and 27 women, 
as of the two previous years. The smaller attendance might have been 
expected following as it did the February meeting. The college partici- 
pated largely on the program. 

Attempts to increase the student enrollment last year were in a 
measure successful with thirteen freshmen. The total enrollment of 
freshmen veterinary students has not changed from that recorded in the 
chart prepared by Dean White of the Ohio State University. 


1922-1923. 
clam First Sy) d Third Fourth ; 
Name of Institution vie Voor Voss Yon Special Totals 

Alabama Polytechnic Institute..................... 6 5 8 1 BS AOS 32 
Colorado Agricultural College. ...................0. 17 14 12 19 2 64 
Georgia State Agricultural College................. 7 7 6 Oa hee eee ce 25 
Towa State Agricultural College.................... 25 22 15 Nf Fea he 79 
Kansas State Agricultural College.................. 10 14 18 22 1 65 
Michigan Agricultural College..................... 13 10 9 Ui ead hab oe 39 
New York State Veterinary College (Cornell). ....... 31 11 16 31 3 92 
New York State Veterinary College (N. Y. Univ.).... C L O S E D 

Ohio State sUntversity: t-sys ele nae foeiers (aati 19 12 15 25 4 75 
Ontario Veterinary College (Canada)................ 17 11 22 Ciel Aan a be brame 87 
University ofubennsylvanisve -yick)sere sulci deisel nibee : 11 11 5 8 2 37 
Texas Agricultural and Mechanical College. ......... 6 6 2 Dies eee ae 16 
State College of Washington............2........5- 6 5 4 A ee eee 19 


A few prospects for next years’ class have been referred to Dr. Giltner, 
the new Head of the Division. 

At the June 1928 Commencement seven men received the degree of 
Doctor of Veterinary Medicine as follows: 


Mr. H. S. Atkins. 
Mr. D. H. Dickie. 
Mr. A. W. Emery. 
Mr. S. W. Gingrich. 
Mr. W. R. Hinshaw. 
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Mr. L. H. LaFond. 
Mr. F. M. Shigley. 


Of the seven graduates, six will enter general practice, one will take 
up technical work at Kansas State Agricultural College. Also one man, 
Mr. K. E. Merlau, will finish his work at the end of the summer school 
and receive his degree as of the class of 1923. 


ANATOMY DEPARTMENT. 


In the report of the Anatomy Department last year attention was 
directed to the inadequate housing conditions which have prevailed 
since the introduction of such work into the Veterinary -course. The 
condition still obtains. 

The work of the department including pharmacology and assistance 
to the physiology department as of last year has been carried on by Drs. 
Chamberlain, Johnson and Taylor. The chart below shows only the class 
work done and does not represent the preparation of material for labor- 
atory work. 


No. of bs ark Labora- | Total class 
Subject students | Credits | Lectures tory hours 
Fall: 
PATA OMY Mati aons vias wi nlay sis tole ats aietadabara hy ols o.ie wid oeynie! aves npr wore 12 4 26 78 104 
PAT LAIN Veal sera etsya Cer oye ae 1d a ie a eie sole are Ie able WING. ofl tre nN 14 7 26 195 221 
ANCAP IOTTAN AS Saami aly cheare GueneE ee PRCA OEE rea PU CRO eee ger pee 19 4 26 78 104 
Policy in Meee tee ede AAs RET OT aN! 19 5 13 26 39 
Arn ACOl Og a ease ee eee trae ticiet ace eT een ees ake 8 5 26 78 104 
IBHarmMncOlow yn Scola wae erst onteelcrsta siete Sige ele antoea art 9 3 39 0 39 
PYSIOLOEY Mesos nat Oe ee hiss bites idea Store hoe 58 2 0 156 156 
MU aS en ay ersic ee ak Seek aera ie hare A candy CpieLeeter hele ee eae 139 30 156 611 767 
Winter: : 
JME OST a RR ahd dail eae: CDs ROPES ETE Ie EERIE ICS PIA DPRETER oe 4 4 24 72 96 
ENA RIAD Roe bate dosnen SDE aoe eae ie MEcReneCOane . 17 3 12 72 84 
PA IGVER PD Ogu oe AE WR ESS i) a ne Searels Ree Aa Tyr 11 2 0 72 72 
J MENG S Ee Ae CACORE melee Cetin Ree SE ARO ER Cee cinta tat 22 4 24 ie, 96 
POUL OM race eee aptarrtre a eeO S STR UES abana ere het 16 5 12 24 36 
MATIN CGO RY sO ee tel eee oe ea ek eee be a awn ie aie i) 2 24 0 24 
Pharma calory]4 besa sonsve meoniiael Sete ae anti ale ea eas gabe acy ehes Ne 12 3 36 0 36 
PH ysiologys 1s Goa ei eRe ee iae oslo rn eld oe Beles 67 2 0 144 144 
UGS rato nel Note ned ral ES en CORA eine rd SLUR ohn gee PRR Incas ore: 158 25 132 456 588 
Spring: 
IANACOMY LUC we tens Mery revs Aaa se eceelean se ooN Oe ai oraibnra eae 15 4 11 99 110 
PAM AGEOMIY SAC strc ced ie Nate Ms ese ria sce ale ei oe ets teeracoee 11 y 0 66 66 
HASTA COIL VAG Dn Ae RES ES te ee pee Bee eaae abe 20 4 22 66 88 
Pharmacology 1.............. AAEM Seas LER hres prac hake en eth es 10 a 44 22 66 
1H ira Hal lofeay GC Bary ts PROC tate SNe TaN aS AB ee re 11 4 33 22 55 
ED VRIOIO PY MIE rte CORRE P toe tormeite are tt ohne, Pe naa tai ae 9 2 0 44 44 
Wotalsessser Sette ase te thee ees Tis atet aiale Mele cae dente aft 76 21 110 319 429 


Grande Total eae ee re Sir weet arn aeitesy fine eee 373 76 398 1,386 1,784 
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The chart is self explanatory. As usual many of the Veterinary 
students have found solution of their irregular classification within the 
Anatomy department which means many extra hours of instruction 
not represented. Note in the above chart that Dr. Taylor has about 
divided his time between pharmacology and physiology. In the reorganiza- 
tion of the Veterinary Division Dr. Taylor his teaching of pharmacology, 
laboratory supplies and equipment should be transferred to the physiology 
department. Please note further that Dr. Chamberlain gave three hours 
weekly during the fall and winter terms assisting with poultry courses 
in their relation to structure and embryology of poultry. Also he has 
conducted the affairs of the Dean’s office including that the class officer 
of the Division. 

Respectfully submitted, 
FF. W. CHAMBERLAIN, 
Acting Dean of Veterinary Science, 


REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY. 


To the President :— 


Sir:—I herewith submit report of the Department of Animal Path- 
ology for the year ending June 30th 1923, 
The instruction work for the year was as follows: 


Number Lecture Laboratory 
Name and Number of Course Term ts) Hours Hours 

Students per week per week 
Pathology, Car pene heh ene etiam daielir etre habe cece Ararat Halletn sess 8 3 2 
Pathology Aik ese eens = hag da aed «Ri bea ae ee roe Cd Winter..... 12 4 6 
Disease Control—Dairy Production—Short Course................- Winter..... 29 BL lc cite sentene 
PALHOIOEY 20 oc ONE ee cares Oe ee ind enon Ried Rete eres clog Spring..... 10 2 2 
PA GHOLORY. Oo lac ee eae hs Ree ae Pee oe Gee Sr ie ee etait Spring. .... 10 3 2 


Following is the record of the Autopsies for the year. 


HORSES. 


i ainfaret 

Hemorrhagic tot Namie i. eke oes oe oe eeite Sac saben ae Tak 

Siva g leg 2.5. Geercyorscsees tie teal her aes Bum coor ate ae eiemeoieenes 1 
Volvulus 

MD aT cs 5 ern te etieaula Aaile: thes teeta Meanie belie ae reat aatee 5 Oe 
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COWS. 

PMR CEs WIth OPUPUITG 12 sco kaa bok che sce ee 1 
Dilatation of stomach, congenital... 0: ..i050 0. 6'5: 1 
Enteritis 

Mee CACAPPAIN 2 oS ore 50 Se cialae oc ee cael bee a anak l 
Intoxication, 

eG ASTI IN ESE yo sire a eee a lo a de aces 3 
Nephritis, . 

Ry) Ea TEC VMN LOSS 2-5/5 a Saves) cc istoe SB. ls ds ys il 
Pericarditis, 

APP EEOT 5 vals, 2 e703, AM ale Sect Pe he wi egos eee es eee 1 
Peritonitis, 

ENCTECE 2 EL ED ELIMOUIG™ 2 tyes Mes estate GherdPerehe ea ere eras een ata at 
Pneumonia 

TPE CTORNG, 5: oko NTadal ok do wan ies rel ha aa eden aA eae e ee 2 

MGULEMIEODAL Yas tine eee Oo: ce Ore ae 3 
Poisoning 

COLON SEC NIGAM Si ress Pen eee ee eae es fe 

Cale ENlOrVd Gt sn. heehee eS oye eee Red ete tee ee 1 
SEO TEN AE Agta aer atts Mines Aare ote aie a eR era AS LAAN 1 
Tuberculosis 

RO STUEV Cnt os chee! teak ye eta ORR TRIRANS ooh ws we 1 

aE VON ie sira tre S.5" 6 oe, Desad’e coat cieetalte com Pr eterans 4 

ARES Ph ei ee OE MPT hc del th he OS RN gh A 22 
SHEEP. 

DIP EH ORS TOE MAGE 4 Si jeu s ciora stake etcrokre Sin ce wrabae 2 
Gastro-enteritis 

ACU LE) MDTATIOUS): 5 200s aye Soe bee ae oe te oe 2 

ERO@MUOPTIVAOIG sie says 5 nn dae acess wien 6b ea wa ohne ae 1 
elim EA TASS 6. Uk, jee es ates Ss SENG eS QS ek 6 
EVIE biG) AEMLE, SUPULALIVE! << 4! yaraje orteis bia os e'a deciet els 1 
Intoxication, 

Acute Aas trontestingal) <3)... tye ovine ein ook 2k els 1 
Laryngitis, 

WCET Give aes oie e oi eiticid. ya's oe re cieoielens arenes ear it 
Peritonitis 

PR CULE PEEMIETIU oe acts s/oic.oc0 ay ist che hoe ae a 1 
Pneumonia 

Lesh neta 9.0) 02 | eal ee eee RAS co (OLS Se 2 

MTTIR HONIG A geod Tate RE cha k4 A. 355 LR ae Re a 

Trae Sass Se eae so nie is a Ue Oe i ib 

SVG CRBC pasar oo stce eck aio ona oh a bee Gah oe oe eo ce maatraiice Rees 
Maeniiasisn ss fc tee 2 is 2M oes gee ien thas ohana os 1 


BE OE AV ceretceir iss Aipisisn yochanenere cena Hn SC Ree 
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SWINE. 

ASO Tera SS SS ie Ge a A See ESM, 2 
Colitis 

Necrotie.: 2i23 oiien Maen ea SOL ios Re COLI nc asin hake Reta fy 1 

Ulcerative: 20 Les Pint eee oe ee eae ee em 
Diagnosis not made .......... Me Are eh ae Ae ce 2 A a > 
Enteritis 

Catarrhalexccgt hisses Ais Sade aes aa an ian Braco gn a 1 

NOCPOLIC Toh eae ees Cee ote won enemies & im 

LOE es eh cae yeaa a eh an Dae A A Lami nt 5 ANE Bap 2 
Gastro-enteritis 

Acute Catarritgy ios soe ee wks to Seas if 

Acute, Hemorrha ete. 35005 2 aaa wes picket Pin ae 2 
Heli thiasis. oasis ere oe ee oe eee eee 4 
Intoxication 

Acute pastroantestinal. oo. en ese «ses eee tiga nae 
Pneumonia 

ACLs LODO Aiea: cede ote © ome orwiede ha Ree Ea wee A 
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Following is the record of examinations made of 
mals sent to the Department by farmers and veterinarians. 
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Dr. Runnells in addition to his class room and laboratory work, has 
continued to act as Secretary of the Michigan State Veterinary Medical 
Association. This work demands a good part of his time but it brings 
the college into close touch with the profession and should be regarded 
as one form of extension. 

A large part of my time has been devoted to a continuation of the 
investigations of the diseases of the reproductive organs of cattle. 

Respectfully submitted, 
EK. T. HALLMAN, 
Associate Professor of Animal Pathology. 


REPORT OF THE DEPARTMENT OF SURGERY AND MEDICINE. 


To the President :— 


Sir:—I hereby submit my sixth annual report of the Department of 
Surgery and Medicine for the fiscal year ending June 30, 1925. 

The recitation and laboratory work of the department has been handled 
entirely by Dr. Sales and the writer. The greater part of the ambulatory 
clinic has been handled by Dr. McKercher. Dr. Sales and the head of 
the department have also participated in this work. 

In addition to the regular work of the department, instruction in 
Veterinary Science 2a, 2b, and 2c, which is elective for Agricultural and 
Forestry Courses, has been handled by the Department. 

A tabulated report of the instruction work for the school year 1922-1923 
is given in the following table. 
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Fall Term Winter Term Spring Term 


Subject 
Recitation | Laboratory | Recitation | Laboratory | Recitation | Laboratory 
hours hours hours hours hours hours 
per week per week per week per week per week per week 
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A TABULATED REPORT OF THE NEE aaa CLINIC FROM JULY 1, 1922 TO 
( aloes 
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EUIMOrs; @noperstables irc use acoso ext ete tle ere 1 : 

‘Lomors}operatable, ons hoc OL Ga oek ON eae crise te 3 OO ies eens Coes eae ee DO Ce i 4 


Umbilies) hernis iii. oe cs soe eee ie eelemee Di Mies Sabina ecto ete Ie MIL ave tece Ss eestor nha octet ay erate eee 


DEPARTMENT REPORTS 97 


A TABULATED REPORT OF THE MEDICAL AMBULATORY CLINIC FROM JULY 1, 1922 
TO JUNE 30, 1923. 


Horses Cattle Sheep Cats 


GHGS RDABINOULG! rail ons vie ees ee sce bartels’ 8 
MalewenPOrPeMoOnt en corto 5, ceccyee nis otaie ee opine lone wictsfore 1 
Crime iniMlentieee (eec ss ioaten sete soe areess ve 3 
OHH RTIMIPAC HONIG tc Seen ce tae ine oes 3 


(DANN, onan aa See cet Meee roe Seep seDeS-CeCr ee cObRSEn Nonnar ened laememcadn | aanOconcer 
Distemper vaccination 
Diarrhoea 


Eezema 


Ratner ett Soe oor fests eos cha hada bees teats aifls. alia aust ote 


Hog cholera 
Hemorrhagic septicemia 


ndliene ates pee coe rte ene Keto a inne Seca + 36 


Jaundice 


Penarp NAN PIGS SONS Gc rarers ace eietess Satie niece cel 12 
eH HEE GISOMUN DE ts aca sect cen ins Socata paeek at eran e 3 ovis aye Ries 


Mange, demodex 
IVEVITS RICCO) un) on Qatanen ob bobs citencedad jagodec ase Seerconeel jsinongengnd poscb nocd |oncbaceme| | auenondbar 
LCETCT NE go San pel ROG oS GIOIA he OE CIITA (CRS are St 


(CHINE Ua Aan beeen aga bcc aeoe Hn CR OECRECOnSE| Ememtuaced Meccnccaee 


Perlodicopthalmisess: < syacoe sack gales Saas 
PATuIrlen iN DALESISese ork hla aka ace eee = 
NE NMONI Ie Cs Sees oe weeding = aes tee Seri 
Rarsiplegtaee cic, Sectore siete ce eine somite ayorn Tae aie ate ale 
REISS Sen ee Oe aye etree eet Worse cores Ta one | eae add LG rere havtaayere ue Lier «. stape tone aceif v esas ocmlaresapa all laveusrocotocaranentl Natoticerste iatareke 
LAPT GIT iene nae bce omen a OU ORE ee daamods ric] MaDe Hitosd Baga acetal fanaa rie etal locietcc hic aoe 2 
POISON SELLY GMTIME «9, 0. eforafes Seine Sana creietatrace altel 2s 


IDMGHTA HIT oor ecobogsbboenIe3 OBL epancage amceade 
PAS RR oe ee 22 AR ee eed) 8 ee oe oe Seen (Bet ee ee Dee OS Pane vein ty Iran ary Orrol [oo a aka NN Mole nica eage 


ESATLNLLEN RPA erates a mR ete areTe eee Fae aes camera | ta orc neescr fats tore afarecm wart | logeaniete se iaitross||tisy=renays stoma 1 
Strangles 
Stomach worm treatment 


SU ELANIMS yeep orien eee rccaine ae lat siania aires ceases iS 14 
AESVAN PATNI eRe een PR are eR i ciauca agers Giese. flesh ©» 
PERDEL (GI OBIB erate acc mrs rein Tiegh aseiace: ioe? ait veers ail 
Mraumatic periCardibise -. tse.cc hed cuce ess sxeelaer : 


GIGI G Ar spsset ite oh cir eys conde aiecade pater seat steeds 1 


MELROSE neenr Saesecls ooh eis oie ts aids on Serer Sreiteees 3 


SIGUE fora. ctor eh CAE Se Ou ROCIO 122 il 
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TABULATED REPORT OF THE SURGICAL AMBULATORY 


STATE BOARD OF AGRICULTURE 


JULY 1, 1922 TO JUNE 30, 1923. 


CLINIC TREATED FROM 


I OR SECH San a AAR TONER amet OEE SINS ae 
Atrophy of shoulder muscles (Sweeny) 
Amputation of tail 
ATUNTILIGS Men eeee Sven Meee he onte Re eee 
Attresia iol, teat! Canal/asscn tires eres ote ae as 
ATRESIA TOL GERVIK: circa kin caleten tabar inne Oa kineeeme asians 


Brnised heel’ ssi scale ase eee eee eae ee 
PIPING cee cea to sclet bens e istccohcl tomes Ercree erase Rae 
Bone spayin 


Castration, simple 
Contusion 


Dehorning 
TD SECC aan ect eam prthi coh we eis hence tle Setanta Maes 
DERIVA bts Poets ne oe ee eae oe Tare ose els Bee 


HAN PYEMIa Of SMIGESEN sits oh shots reesei eee eee te sieeee ot cee 
Rar trimming 
Examination for pregnancy 


Msi lavOl WIUNERE.c aye arta cess otiaa en etat ee ees 
HEACHINe OL MDIa see ated Actas lis rewind Cammicic ome 
Fracture of pelvis 
Fracture of radius 


Fracture of facial bones 
HFACHULCMR Inn te tec ht een erty Soon en ne mremicie ts 
Dye Ue 1th 0/71 Ep eet aN ro emer Rae ereaseen bee 
igh ularOrebeabuee Mntentt ohana eee eee ee ee 


Hematoman-ce tin rch dees Ee acrtm nas eae 
Hemorrhagic septicemia vaccination 
Hog cholera vaccination 


Keratitis 


Laminitis, chronic 


Mastitis 
Metritis 


Narlhindihetootssei sec ner rss Citi eaeimns Eeeare 
INAVICULATIGIBEASE. Seno: A paicarniein ve Stele vinnie ek 


Ovariotomy. oe os cies een cee: 


Prolapse of uterus 
POMOGELINITILIS eestor eet cne cece niaty steel ane 
Parturient paresis 
Phlebotanniy sees ate Aisciay cen ih Ries tomesl cats 
Prolapse OlABUS scarce omicok mers tater aaa eee 
Prolapse of vagina 
PY OMIELEAR Clete sans gira Ee ena ened Bete Chace see 
IEE AD yg) ty CIR wa we aiee Ran Pee tent ha ct} fk baa, Gata ot 
Prolapse of rectum 


Retamedspitcentasisscace. cscs mck el ta thane hae earns 
Rupture of stomach 


Bieler estes came aya Weta lone cents cece cer 


Horses Cattle 
2 2 

Sta decrees 8 
Dales iricteteae 
Bilas oale hoe 

a eh See 2 
Fe Wi eee Ss 1 
2 1 

Fae ene 1 
Diilceierneee, 3 
3 3 
12 a 

2 1 

a ith er 1 
a ene aro 19 
(bevicabenne, 11 
1 See She 

Lae ee 2 
DAG aie eae 
VRS aes 

ena aoe 1 
(eee cel ee oe i 
set I ee SH 
sl eat 5 er 
eRe Eis is 
erie Teo tereey erase 
2 4 
ote Lie 24 
2 1 
Oy RBeAe, Rees 
8 14 
4 4 
(133 Ken eeee See 
eel ae Aca 

PES Net os ot 1 
1 eee 
Be 2 
ae SGA 7 
aba hoe eee 
1 35 
1S Se eT, 
8 essences eeaats 
MSs 4 
1 a a te er 
LA heitaracmapesate 
AN Satatewes coke 
1 Wel baste aac 


Sheep Swine 
1 monkey 23 
Hes wnatrerneaet, 1 
i sees eal pena 4 
Mets ale a ee 158. 

1 1 
Send eg at 1 
1 2 
‘SA rabbibylen cco 
He esa eee 1 
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A TABULATED REPORT OF THE SURGICAL AMBULATORY OLINIC TREATED.—Continued. 


Horses Cattle Sheep Swine Dogs Cats 

LG ETRE Ree ee hE SRS od ead Bone eee pn [oe ala Tope gl Fa» See al eS oh eg A a NO ee 
TR cLeera orb ETERS te Sas a ee A re Ni ee ce are | a Lh Wal Bice ope taeten Sie poet dtee sah kee ere 
SNESGS TATA HTD) CIS 8 oe Aen Ors a SE RS Ree ae atop ae Dib een meets cond tweens. All pep ence tee 11 Pee 
TINH WTR Sot ope ee aes SSB BRO oon Ronen Pn 4 eh riennel teneed Serie Protas Sel SOM or nr] ome eee 
BEAGESUGIC ULC euererner rer er tetiee Pre n r cick aston clfaSGas meseet 1 leer ee eras] (ee iaieee RneiAiaes |8 eetahs oe 
PATH OK OLE GAL learnt ee rere te ee oye lara y Gece edie cell cen act eae aeell Meee a I oo eres Nel Verano | lee eee 
LING DRY ae, cakes RS Oe eae caster ater ee : dl ee rie | ae ae eo || ee me De | Se ene Wl ee 
Maccination swhite SCOUTBiHt nbc cunts sce Pe bes lalla e ..2 oe A | SEPM Se aR sph s ie ACL eee eerg ee 
(Ay he oe ne oo ie ee a er Sra AN lee ao leet. ec | eee eee ae TG eats OM 
Wound, lacerated.........<..-... pats 7 5 11 
Wound puncture: 52... :2ohsc.. e: 11 3 5 
Wound, contused.... ae ae eee: 4 |. 3 
MEMO TIGISER eM ey tt he ti gate ee meres. 3 re QOL Ne Stee eer 

TGC Esa oe Re, Senna ce nea a SO ek 80 705 2 192 271 15 


The total number of animals treated by the department during the 
school year 1922-1923 including both ambulatory and hospital clinic 
was 4,323. Out of this number 371 were horses, 1,010 cattle, 859 sheep, 
996 swine, 1,017 dogs, 77 cats, 1 monkey, 2 rabbits, 1 coyote, 1 goose, 
4 turkeys, 1 goat, 1 chicken, 1 raccoon, and 1 canary bird. 

The total number of ambulatory cases treated during the school 
year was 2,485 and the total number of surgical and medical hospital 
cases treated was 1,838, an increase of 1,201 cases over last year. 

The large number and variety of cases ayailable for instruction pur- 
poses has been exceedingly satisfactory and the clinic is constantly 
growing bigger and better each year. 

Respectfully submitted, 
JOHN RS HUTTON: 
Associate Professor of Surgery and Medicine. 
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REPORT OF THE REGISTRAR. 


To the President :— 


Sir:—I have the honor to present the following report of the Reg- 
istrar’s Office for the year ending June 30, 1923. : 
In the regular college courses the enrollment for the year is as follows: 


Men | Women| Total 


Nericulture and: POLGStEY.so. cn css scoala ne aradia ee aaa Motor ACIEE Oe oc oem ec ene 526 8 Bed. *|s< See 
PAN OORIAG hse evans stevonclacetoue aoe crated ERC ee ee ee TEE eee I ee 531 1 DOL) Ns,cecloe ee 
Homie sMeonomidstsstn. 2) eirssh ase ta tstee Pere aad Prasl See eae Rei athe ae ee nice | ee heen 395 395 oie eeeer 
LC nIGh hist CG a omanbadeseetonh sosigownhdnn wordt hokecn-t Gadons\cgaqoabor ta 124 35 159) |. asaete 
MiG tS a Ze Re Gr aan eo RoE RCE rotten comm omit aetinre SER aa robots oor fot Va a 42 steak eee 

Motale Aisa er me aki ca etts rg cis Shehaa Ie ON RIT ced aie Oe ie ROR Ce roe 1223 439 1,662 1,662 
PummrersSchoolciys oie ee oe ee eC ee te cen Oe eee ene 273 117 B90 Nees cae 
Graduate! Courses. ..iiurss asschmect a rath eae arretgets a ake eee aie ce cr 47 8 bali. eee 

i100 Neagh ON eg hk EL oe ns PRR Sa AR OS AR A ge? ent Cae iy | rl 320 125 445 445 

SHORT COURSES: 

Two-year sixteen weeks’ course in Agriculture..............00 0000s cece cece eeeees (Ae ee A oles eee 
Two-year eight weeks’ course in Agriculture................0. 000.20 e cece eeeeees SQ deere tersid BP Ad ees ses 
Hight-weeks’ course in Horticulture. ......-..2-0-.c0e22c see ee eres cect ee neeececes Nn EA ae ate Doi monee were 
Eight-weeks’ course in Farm Engineering..............-..20. eee ceeeeeneeeeteaees Othe meee Gl i ah Se 
Twelve-weeks’ course in Dairy Husbandry. . 2.2... 0.50. ccc eee tees see eessee teres PRO erence 7 {sid Benctenarcinc 
Twelve-weeks’ course in Dairy Manufactures.................0.-ccesecceeecceeuces ho eee net 1 PAS eee bee 
Eight-weeks’ course in Poultry Husbandry.................--00eecs eeu eeeeeeeeees 15 3 18i:| on eee 
‘Two-weeks’ course in Lee-creant Making co.cc eleiciee a) aintar= «9 a elolae Sinnee oe aitiete CM RaHeD yer 83. aon 
Kour-weeks, course in Druckand:Practot.: access china tiie ais sleeisiaie alse ieee 2 Fel ees 2D Ven freee 
Special COWnses: cs nsss tasks repeas mca OSE oe manner en ee ereeiere rr ereets ee Gaara Aol se caeaatete 

si N02) NE Oe Serene rae an Ao sks ere od nt AA Satine ara iia 224 3 227 227 
Vocational Guidance School... «22. .2e.4 cme srste ste muitos eieitteteinaaisi ase eerie nies aioe SB setetase 88 88 

Totaluin all cowtges eis ea Se Fee ee Os BE ee Se eran ee eB emote eel leet neil] Exeter leery oe 2,422 

Namesirepeated a. Rissa e ean so eee ae ede we au Me SO one tte ee ue | cee ee i eee 219 


ING ipa Nie Beane Bonnmocé obobobuecuebabeschoucs+ Mons anoosdegobaccasse: i eee a etn eee cic eater eee 2,203 
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ENROLLMENT BY TERMS 
Course Fall Winter Spring Summer 
ENGSTAERTEGPET tall lesa faled eae Stee cia A Re eRe ee ra 494 455 128 
LSE, on SO Wee Socio ae Cen CO Gr ICE boner errs Sera e cr 473 444 69 
FROME RMCONOMNCH trio om sire cclee else 20 352 336 79 
Applied SClenCe:.,. .o.5 2. «casts odes os 5 138 133 18 
SECT INU ae MERE MEM eee Ps opchi a G¥ais 2 acs. acne iscahe TAG 31 31 12 
MarR aU ey ee eine reiagst cc aia re, siete oats ts ania Sud Sahdhesoledls alk Ss : 45 40 15 
RTOTMELA SESSION SEUCOH te — ce EKA fctacrcvleo cress werets aia c/oicmtetel ca all egartesoxs Mine oe call saatslo.are ale oa-cinll Ste wteNES mac 50 
LITRE TONED sc « CS ROB lh troy Ani REI ae Pea hae ee | eile ons anor ae yc Al Dee ons Ae See, a 8 
Special 10-weeks’ Agricultural Course for Superintendents...........].....2....00)eeeecccceecc|ece enw eecees ll 
1,611 1,533 1,439 390 
ENROLLMENT BY CLASSES 
Agr. For. Engr. H. E. Sci. Vet. 5.8. Total 


M;|WIM|W;{|;M:IW/iM|WI|M/IWI|M|WIM|WI/]MIW 

COST TTENIG The pie 8 ee ae ton IS 44 PalkA cig. 3 OA esta rari beeeal ented ater ines 47 8 
RSGTINN Seen peter ee = oi oes Sivas Bit wlote. chee 103 Diesel Gere alc Sel ecsicdics ove fen oC 4 Neat O ieee ices Siltasrers 228| 77 
RELOCH eRe peter serie ae, an perehe its, ook 73 Ths 22 Neer Oilarc tenon GL 2k Ole 4 torso | cca en eA 213) 76 
BODNOIMOLER Mtr e tert toc orctie mer ere 99 Geek eC Maslome lessee Lote 40s Dol WO lee Alege lteter 325} 119 

FERiNiene meee ene eo eat, eke 11 | pete ree a 201 1 sf: TA He 51 fi et A esl PR 2) ORI 448) 159 
MDE CIMIR Mra ree eee boo ion eins ons A Ne | ae el Pe Bilge Mesa Bley ed federal epee tess «|| eas Ohens 
RUIN GEA SERA OM nee rire cecee Pater pts Mas ll coer AeA teatime eee liekee orto elf anche a lPeoate [Peess's aloes calles sae 262] 109] 262} 109 
nal Rhea uprBtee seinen ke Bees ce Pea aes [et sacall oc Raza sce ail ate [eee al eect iereceatie canclures = Rial (SPSS | Pe . 8 
SE Cia Le OER RR AC OIUENG Meese cays o., Weierstrass era ener Lor einai eee aod ieee fox te lara ty Node Hoe bdell le overs U1) arate |i ed ill atop 


500} 9) 7O}....| 534) 1)....] 402) 124) 35] 42)....) 273) 117)1543) 564 


GEOGRAPHICAL DISTRIBUTION OF STUDENTS IN FOUR YEAR AND GRADUATE 


COURSES 
PAMNITIG IN Clstere Part stopcucicrav ain ate ie oe 1 IMInnNesOtaa:. 2: %-225 oe ee eee 
| CETTE GU Rites. ao aan ne eee ES ee ire Ts Sake 2 NEISSISSIPDL sc Sui sree ee ona ene 
(CHIVES, OG oc AR Cee eee oA eh aoa 1 WEISSOUTI Ss... <3 oe eee ee 
OlOTANOM > eta en. ak ert ee ee 1 ING wi JeISEY’ =. sc 5 ceac Sana Ee nerene ed 
Delawanetn nen. s.amaiateen fee. ts 2 New Mexico} sce eee ee tas 
1D (eine 0F: 54 Se Se vce are ce ee Se aren oa aes 1 New York, .F 2am gare ces tae 
Disiwet of Columbians wtee 4-5. 2.) 1 e OUIOS Fic. ark REO a ee ee ee 
1 D)EA 7] CURA UR cae te arene a Avaoee eee hana ts joe 2 Penns ylvamia = cts. cet ae oe 
LSD a Fed br 013 leet ete pee ete ete a ae 6 eg ea 1 Philippine: Islands? nee, cee cies 
UNA TS Rey crack e etoraoakc-c ca te te ee 19 PiertouRice:::, sc. oe eee 
ICRU ees star aes cas Oe ee A Se 11 South Dakota... cca eee eee ae 
1 U0 Fe ber oo Ay SI pea er Lee hr a A ae 3 TeENNEeSSCE = 2s jei5.1 ee nna ae 
EMAMISAS OTN ey ete haa ee te eta IN 1 MOXAS ee sh pe ere een ener 
IKCnineksviner tre hoa ae ee ee 2 TRUNK EY. aoauidck oe ce ae. 
VIA VLTI Ge ey rst ens, oak cane re Oh a eee 3 Win SIna) <2 oes ei ee ee eee 
NVIASSACHIISCTUS Stas ka cee atone: orem 1 West" Virginia: 223k shee omen ee 
VICE Birk. et eta 205. dad OR a Rta eatin eats 1,592 WHISCOMSID, 2 5.2 oe aenare em treet eels 
STUDENTS ENROLLED DURING THE YEAR 1922-1923. 
Number Enrolled: 
AP TICULiITAa Mani sh OLCSLIVs ©OUTSE Sere. sre mika Rees © ss, «octe-e, «'s. v. hdile. e0cse) cae RI Oca oie orete 186 
JDrayeana (sym) =i OO Wag Serpe ces Meee Bic acs cae Aol SiGe eure a eR a Oe Monet Rane ee 209 
EL OM EEC OROIMIGS see eee tere er eek ieee cee she, cave | satya cae ay ee ke Penne vee ede 164 
PA PHEGISCIBIICE tec hee eee i een ME oS ol bees 5 ade eran epee RNC ee oo, Leo eee 83 
Veterinary Medicine 18 
(Gir SEU en ae ws Sic ole aaGeae Cue Zea" SIERO inca NCCI EO a Reon SI ic ine rs chin ee eine 21 
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Graduates of Accredited High Schools... . . 


Preparation. 


High School Credits: and: bxaminationse cic < cce-rercess een teen ott yedusstecs [ea etiemeres arene 
Credits from Other Colleges............ 


HederallPreparat OLY 5 sees ea ck aes eee Re Nance ne etree rah omen ae eae 


DEGREES GRANTED JUNE 18, 1923. 


BACHELOR OF SCIENCE. 


a, Agriculture; e, Engineering; h, Home Economics; f, Forestry; s, Applied Science 


Clyde Allen, a 

Lester John Allen, a. 
George Porter Arnold, a. 
Dorothy Isabel Bacon, h. 
Katheryn DeVos Baert, h. 
Paul Moore Barrett, a. 
Carl Frederick Behrens, a. 
Lauren Simeon Billings, a. 
Herbert Hugh Birch, f. 
John Frederic Bissinger, a. 
Henry Kenneth Blakiston, 
Clyde Bohl, e. 

Gordon Elwood Bonine, a. 
Evans Roy Bowins, a. 
Cyrus Alden Boyer, a. 
Harold Boyer, e. 

Helen Gladys Bradford, h. 
Hester Rosabel Bradley, a. 
Jacob Orval Brady, a. 
Kathryn Lou Branch, h. 
Robert Frederick Brevitz, f. 
Calvin Allison Brown, e. 
Edith Orilla Brown, h. 

Edwin Jay Brown, e. 

Richard Bruce Buckingham, e. 
Floyd William Bueschlen, s. 
Lee James Bullen, e. 

Fred Howard Bunnell, e. 


a. 


o 


Margaret Elizabeth Campbell, h. 


David Glenn Carnegie, f. 
Cameron John Carruthers, a. 
Charles Homer Cash, e. 
Aurel Alvin Catlin, e. 

Ruth Alma Chamberlin, h. 
Albert Charles Christensen, a. 
Jessie Eugenia Church, h. 
Marian Ward Clark, h. 
Charles Russell Clausen, a. 
Albert Baldwin Cook, a. 
Clayton McKellar Cook, a. 
Walter Alfred Cook, e. 
Huldah Jane Coon, h. 

Forest B. Crampton, e. 
Margaret Campbell Crozier, h. 
Burwell Cummings, a. 

John Bernard Dakin, e. 
Leslie Carleton Davies, e. 
Arthur Jacob Davis, e. 
Charles David Davis, e. 
Ellsworth Wallace Davis, e. 
Viva Lucile Davis, s. 

Alice Virginia Decker, h. 
Leona Marie DeYoung, h. 
Arthur Dinsmore, a. 
Florence Marie Doyle, h. 
Elvin David Dressel, f. 
Grace LaVerne DuBois, h. 
Dorotha Crawford Dutton, h. 
Jay Dykhouse, a. 

Joseph Bailey Edmond, a. 
Robert Kelsey Edmonds, e. 
Harold Hildreth Every, a. 
Keith Mallory Farley, e. 
Carl George Fenner, f. 
Clarence Wilfred Fessenden, e. 
Faye Fern Foster, h. 

Ivan Philo Galpin, a. 

Julia Elsie Gelinas, h. 
Robert Wallace Gerdel, a. 
Helen Marion Gibson, h. 
Marguerite Jean Gorman, h. 
Helen Lucile Gould, h. 


Howard Carlysle Graham, e. 
Harry Cornelius Graves, a. 
Emmet Hague Greenwood, e. 


Mildred Katherine Grettenberger, h. 


Forrest Leonard Grim, a. 
Lucile Grover, h. 

James Harold Haigh, e. 
Mary Dorothy Hanigan, h. 
John Alfred Hannah, a. 
Wilson Dale Harbison, a. 
Leo Kern Harris, e. 

Harold Russell Heathman, f. 
Lynn George Heatley, a. 
Helen Elizabeth Hedrick, h. 
Waino John Helli, a. 

Carl Harvey Hemstreet, a. 
Fred Worcester Henshaw, s. 
Emily Herkimer, h. 

Marie Bentley Higbie, h. 
Roy Melvin Hodges, e. 
Ellsworth Burnett Holden, a. 
John Der Hovhannesian, a. 
Lleyd Ingersoll Hughes, e. 
John Sherman Hyde, a. 
Austin Oliver Ingersol, e. 
George Irvine, a. 

James Howard Jacklin, a. 
William E. Jacobs, e. 
Dorothy Adaline Jermin, h. 
Charles Edward Johnson, a. 
Fred McCoy Johnson, e. 
Dewey Manila Judd, a. 
Melita Elizabeth Kaiser, h. 
David Noble Kee, f. 
Margaret Helen Keller, h. 
Kenneth Ross Kerr, a. 
Ralph Wyman Kidder, a. 
John Henry Killmaster, a. 
Ernest Allen Kinney, e. 
Victor Henry Kinson, a. 


John Arthur Kloha, e. 


Roy Walter Knopf, a. 


Paul Wilhelm Albert Koepnick, e. 


Salph August Koppana, e. 
Benjamin William Lafene, a. 
Marion Willoughby Landon, e. 


Katherine Hollister Langley, h. 


John Bouton Lazell, e. 
Clifford Boynton Lewis, a. 
Werner H. Lewis, e. 

John Griffin Little, e. 

Hazel Josephine Loomis, h. 
Arthur Edward Lukowski, e. 


Morris Kennedy MacGregor, a. 


Edith Elizabeth McNeil, h. 
Carmen Valerie Maas, h. 
Earl Dewey Mallison, a. 
Gerald Edwin Mallory, a. 
Sigurd Tobias Mathieson, a. 
Hubel William Matzinger, e. 


Howard Kenneth Menhinick, a. 


Walter Irish Meyers, f. 
Donald Cooper Millard, e. 
Kathleen Diadama Miller, h. 
Neil Joseph Miller, e. 
Theodore Roosevelt Miller, f. 
Lucius Howard Moore, a. 
Ralph Ray Morningstar, e. 
Neil Bailey Morrish, e. 

Earl Lione Morrison, e. 
Gordon Morrison, a. 

Russell Alger Morrison, e. 
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Alice Rhodes Mulchahey, a. Gregory Andreivitch Shadko, e. 
Leslie James Nason, e. Ethel June Sharp, h. 

Fenton Theodore Neller, e. Earl Adam Sindecuse, a. 
Francis Elizabeth Neuman, h. Henry Franklin Small, e. 
Marian B. Notley, h. Robert Burns Small, a. 

Leslie Scott Oldman, e. Avis Augusta Smith, h. 
George William Olson, f. Harry George Smith, e. 
Russell Hugh O’Neil, f. Colonel Francis Snyder, e. 
Kenneth Ousterhout, a. Margaret Elizabeth Snyder, h. 
Willard Henry Pangborn, a. Carl Walter Soderbeck, e. 
Howard Everett Parson, a. John Franklin Spalding, e. 
Walter Fred Patenge, e, Robert Dugan Spencer, e. 
Margaret Jane Patterson, h. Ezra Ferdinand Sperling, e. 
Andrew Henry Pekuri, a. Zora Lomilla Staudacher, h. 
LaRue Evelyn Pennell, h. Douglas Van Steere, a. 
James Ward Percy, e. Hilda Roscilla Stein, h. 
Lester Elsworth Perrine, e. Martha Carolyn Steward, h. 
Seymour Mason Perry, a. John Ronald Stewart, e. 
Robert Karl Phelps, e. Mason Cramer Stiff, e. 

Felix Aquino Pineda, a. Leah Esther Stoll, h. 

Vernon Chester Pino, e. Hugo T. Swanson, a. 

Henry Arthur Platz, e. Isabel Blair Taylor, h. 
Roman Joseph Pohl, e. William Hall Taylor, a. 
George Postmus, a. L. C. Terwilliger, e. 

Philip Daniel Prentice, e. Madeline Elizabeth Thompson, h. 
Merrill Anson Pringle, a. Gustav Adolph Thorpe, a. 
Edward Arden Pryce, e. Emogenia Paula Thurman, h. 
Matthew James Quirk, e. Paul Edward Tilford, a. 

Milo J. Ralston, a. Carl Emerson Topping, e. 
Charles Wesley Ralya, a. Frank Willis Trull, a. 

Harold Edwin Rankin, a. Percy John Truscott, e. 
Gerald Morris Reams, e. Ralph Payne Turner, e. 
Charles L. Richards, f. Leonardus Michel Zwightman Van Noppen, e. 
Eleanor Powers Richey, h. Richard Owen Van Orden, e. 
Donald G. Rieman, a. Clara Louise Van Winkle, h. 
Carl Herbert Ripatte, f. Nathalia Agatha Vasold, h. 
Durward Robson, f. Berneda Pauline Walker, h. 
Howard J. Root, e. Clair Smith Waltman, a. 
Theodore John Rosevelt, a. John Sheriff Watson, a. 
Loren Stauffer Ross, a. Philip Edwin Weamer, a. 
Oran Wilbur Rowland, a. Lucile Wellman, h. 

Burrell Franklin Ruth, e. Sarah Elizabeth West, h. 
Dorothy Sanford, h. Mary Kathryn Wible,’h. 
Howard Ray Sayre, f. Clair Frank Wickman, a. 
Ward Robert Schafer, e. Harold Beeri Wilcox, a. 
Harold Manz Schaibley, e. William A. Luther Willard, a. 
Clyde Schilhaneck, a. Irene Elizabeth Wilson, h. 
Herbert William Schmidt, e. Warren Seeley Wixom, e. 
Minnie Helen Schmidt, h. Ralph Nelson Wright, a. 
Albert Peter Schweizer, e. Verno O. York, e. 

Leona Vivian Scully, h. Ming Tat Young, a. 

Arthur William Seeburger, e. William Joseph Zeber, e. 
Mildred Ione Seymour, h. Ruth Aileen Zorman, h. 


Doctor oF VETERINARY MEDICINE. 


Hazen 8. Atkins Sherman Wesley Gingrich 
Donald Hugh Dickie William Russell Hinshaw 
Ashton William Emery Louis Henry LaFond 


Fred Martin Shigley 


MastTEeR OF SCIENCE. 
Hubert McClure Brown Myron A. Cobb 


Master OF AGRICULTURE. 


Howard Robert Estes Donald William Francisco 
Herman Joseph Gallagher 


Master or HortvicuLtTure. 


Austin Lester Pino 


Master or Forestry. 


John Conley DeCamp John Baptiste Maas 


Civin ENGINEER 


Edwin Herman Pate Chester Earl Thompson 
Jacob’ Van Buren 
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MECHANICAL ENGINEER 


Henry Elwood Aldrich Oscar William Fairbanks 
George William Hobbs. 


Doctor or VeTertInary Mepicine (Honorary). 
Herman H. Halladay 


DEGREES GRANTED NOVEMBER 1, 1922. 


MaAstTER OF SCIENCE 
Wilfred Douglas Mills 


Master OF AGRICULTURE 
Charles Albert Willson 


DEGREES GRANTED JANUARY 30, 1923. 


BacHELOR OF SCIENCE. 


Murrel Leonard Bailey, a Josephine Matthews, h 
Robert A. Bevier, f Glenn Winton Nesman, a 
Olive Clinton, h Lucile Maud Reach, h 
Irving Jerome Gillette, a Ansel Milton Shaw, a 

Irene Marguerite Hale, h Ralph Heath Sill, a 

Helen Hartough Halsted, h Leonard Ray Vear, a 
Edward William Hardies, a Allan Raymond Weber, f 
Frederick Harvey Knox, a Melvin deVar Westcott, a 
Clare F. Jolley, a Roscoe Howard Wightman, a 


Vernon Edward Willard 


SUMMARY OF DEGREES GRANTED DURING THE YEAR 1922-1923. 


BACHELOR OF SCIENCE. 


Agricultural Course......... Ae eee Ree STE ee SUES oro Ce aden bate 99 
BM PINCETIN EMG OUMSE Stretch ask: tenance tele hhc ais Mensa pte ee ne eee 83 
BaOrestryaG OUTses cosa Steen oath cuckoo eels Sia Re Eo ee ee ee, 17 
FLOME MECONGMICS;COUTSE.\6 (a hater utente oie one ein ee ete 67 
Applied" SciencexCourse., . Px.sox ns cies een eee ao eo ee ae Bie ee ee 3 

otal. (co cpiewae Mase n enctacsee eevee AoE On Oia an Se a a ee ee ee 269 


uf 

3 

PROFESSION ALCL) COTEES sii. sia seis she cvs pao adc acne Coe One ee a eee 13 
Honorary Degrees 1 


During the past year several. new plans have been put in operation 
which have been helpful to this office as well as to the entire college. 
One, the “blanket fee” plan, by which students pay a fixed amount each 
term according to the course taken, has not only saved a considerable 
amount of clerical work in both the Registrar’s and Secretary’s Offices, 
but has enabled the student to know in advance the exact amount of 
his fees for the year. 

Another innovation, that of pre-registration and classification of stu- 
dents, has not yet been in operation sufficiently long to enable us to 
judge accurately of its benefits. We think, however, that it will result 
in a more intelligent and careful consideration of the needs of. the 
different students by the classifying officer than could be possible under 
the old arrangement. 

The demands upon this office for statistics, various kinds of information, 
and data relating to students and faculty are steadily increasing. Needs 
of this sort could be more easily met if more office space was available. 
Our present quarters are badly crowded and at certain times of the 
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year it is almost impossible to handle the work in anything like an 
efficient manner. 

Both Miss Anna Ferle, the Assistant Registrar, and Miss Lillian 
Harrington, Clerk, have rendered valuable service throughout the year 
and we are glad to be able to retain them for the coming year. 

Respectfully submitted, 
ELIDA YAKELEY, 
Registrar. 


REPORT OF THE LIBRARIAN. 


To the President: 


Sir:—I have the honor to present the following report on the library 
for the year ending June 30, 1925. 

The total number of additions to the library during the year was 1,250 
bound yolumes and 323 unbound volumes and pamphlets. Of bound 
volumes 798 were purchased, 345 came by binding, and 87 were gifts, 
for which we are indebted as follows: 


American Iron and Steel Institute, 1. 
“Art of Table Setting.” 

China Board of Trade, 1. 

Cuba, 1. 

DePew, Hon. Chauncey, 1. 
Friday, President, 1 

Home Econ. Dept., 3. 

Illinois, 1. 

Internat. Apple Shippers Assn., 1. 
Johnston, Prof. \W. W., 3. 
Knights of Columbus, 17. 
Macmillan Co., 2. 

McDaniels, Miss Euhenia, 12. 
Michigan, 15. 

N. Y. Education Dept., 6. 

N. Y. Edison Co., 1. 
Pennsylvania, 2. 

Relton, F. A. 1. 

Roseboom, Mrs. B. 1. 

Railroad Problem. 

Smith, K. S., 4. 

Smithsonian Institution, 5. 
Successful Farming Pub. Co., 1. 
Stokes, The right to be well born. 
U.S. Dept. of Agriculture, 5. 

U. S. Commerce Dept., 1. 
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U.S. Education Bureau, 4. 

U. S. Steel Corporation, 1. 

“What Prohibition Has Done for America.” 

Since pamphlets and unbound volumes were acknowledged when 
received, individual mention is. omitted. 

In the library reading room are placed the periodicals purchased by 
the college, numbering 282 publications, foreign and domestic, and, 
in addition to these may be found the following publications received 
either as gifts from the publishers or in exchange for our own 
publications. 

Aberdeen-Angus Journal. 

Agrl. and Industrial Progress in Canada. 

Agrl. Gazette of Canada. 

Agrl. Gazette of N. S. Wales. 

Agrl. Review. 

Agrl. Statistics. 

Allegan Gazette. 

Alpha Phi Quarterly. 

America. 

Amer. Bankers’ Assn., Journal. 

Amer. Co-operative Journal. 

American Economist. 

American Farm Bureau Federation, Weekly News Letter. 

American Farming. 

American Fruit Grower. 

American Hebrew. 

American Issue. 

Amer. Journal of Nursing. 

Amer. Miller. 

Amer. Oxionian. 

Amer. Philos. Society, Proc. 

Amer. Poultry Advocate. 

Amer, Seedsman. 

Amer. Swingherd. 

Australasian. 

Australia Museum Record. 

Australia Dept. of Agr. Jl. of S. Australia. 

Australia Dept. of Agr. Jl. of Victoria, 

Baking Technology. 

B. C, A. News. 

Bell Telephone Quarterly. 

Bean bag. 

Belding Banner News. 

Berkshire World & Cornbelt Stockman. 

Better Farming. 

Better Fruit. 

Boletin de Agriculture, Sao Paulo. 

Boston Museum of Fine Arts, Bulletin. 

Brooklyn Botanic Garden, Leaflets. 

Brooklyn Botanic Garden, Record. 

Buick Bulletin. 
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Burton Historical Collection, Leaflets. 

California, Agr. Dept. Monthly Bulletin. 

Calif. Acad. of Science, Proc. 

Calif. Citograph. 

Calif. Univ. Pub. in Agricultural Sciences. 

Calif. Univ. Pub. in Zoology. 

Canadian Horticulturist. 

Carnegie Institution of Washington, Publications. 

Chase Economic Bulletin. 

Chester White Journal. 

Christian Science Journal. 

Christian Science Monitor. 

Christian Science Sentinel. 

Cloverland Magazine. 

Commerce Monthly. 

Commerce Reports. 

Congressional Record. 

Congressional Digest. 

Constitutional Review. 

Dairy Farmer. 

Dairy Record. 

Dakota Farmer. 

Detroit Educational Bulletin. 

Detroit Dept. of Street Railways, Income Statements and Operating 
Statistics. g 

DuPont Magazine. 

Duroc Bulletin. 

East Lansing Community Life. 

Eaton Rapids Journal. 

Educational Record. 

Electric Traction. 

Electrical Trade. 

Elgin Dairy Report. 

Facts About Sugar. 

Farm and Home. 

Farm and Fireside. 

Farm Journal. 

Farmer’s Advocate. 

Farming, the Business Magazine. 

Farmington Enterprise. 

Field. 

Florida Entomologist. 

Flour and Feed. 

Flower Grower. 

Forbes. 

France-Etats-Unis, 

Fruit Belt. 

Fuels and Furnaces. 

Grand Rapids Public Library, Bulletin. 

Guernsey Breeders’ Journal. 

Hampshire Advocate. 
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Hawaiian Forester. 7 
Hoard’s Dairyman. 
Holead. 
Il Gloriale d'Italia Agricolo. 
India. Agrl. Journal. 
Agr. Dept. Reports. 
Research Dept. Reports. 
Research Institute of Pusa, Agrl. Journal. 
Research Institute of Pusa, Bulletins. 
Memoirs, Bacterial Series. 
Memoirs, Botanical Series. 
Memoirs, Chemical Series. 
Memoirs, Entomological Series. 
Indiana Farmer’s Guide. 
Indians’ Friend. 
Indicator. 
Industrial Power. 
Ingham County News. 
Inter-America. 
International Conciliation. 
International Institute of Agriculture, Rome. Various publications. 
International Rotary Magazine. 
Investment Bankers’ Assn. of America, Bulletins. 
James’ Barn Magazine. 
Japan, College of Agriculture, Journal. (Imperial Univ. of Tokio.) 
Japan, College of Science Journal. (Imperial Univ. of Tokio.) 
Jersey Bulletin. 
John Hopkins University Circulars. 
Jonesville Independent. 
Journal of Agrl. Research. 
Journal of Agriculture and Hortictulure. 
Journal of Textile Institute. 
Lister Institute of Preventive Medicine, Collected Papers. 
Library Service. 
Livestock Report, (Clay Robinson). 
Market Growers’ Journal. 
Market Reporter. 
Message of the East. 
Mexican Review. 
Miami Conservancy Bulletin. 
M. A. C. Record. 
Michigan Business Farmer. 
Michigan Farmer. (We also received a bound volume for 1922.) 
Michigan History Magazine. 
Michigan Library Bulletin. 
Michigan Patron. 
Michigan Agriculturist. 
Michigan Milk Messenger. 
Michigan Potato Growers’ Exchange. 
Midland Naturalist. 
Midland Sun. 
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Ministry of Agri. (London) Leafiets, Special Leaflets, Miscel. Publi- 
cations, Food production, and Section volume. 

Moderator Topics. 

Missouri Botanical Garden, Annals. 

Monthly Crop Reporter. 

New Armenian. 

National Education Assn. Bulletin. 

National Farmer. 

National Grange Monthly. 

National Provisioner. 

National Stockman and Farmer. 

National Weather & Crop Bulletin, Vow Weather, Crops and Markets. 

National Farmer. 

Nature Study Review. 

N. Y. Botanical Garden, Bulletins. 

N. Y. Meteorology, (Draper’s Hourly Readings). 

North American Veterinarian, 

Official Gazette, U. S. Patent Office. 

Ohio Farmer. 

OK Poultry Journal. 

Orange Judd Farmer. 

Pacitic Dairy Review. 

Pan American Union, Bulletin. 

Philippine Bureau of Science. Reports. 

Potato Digest. 

Potato Magazine. 

Poultry Guide. 

Panama. Canal Record. 

Philippine Agriculture Review. 

Philippine Agriculturist and Forester. 

Power Farming. 

Prairie Farmer. 

Professional Engineer. 

Progressive Farmer and Southern Farm Gazette. 

Public Health Reports, from U. S. Marine Hospital. 

Reclamation Record. 

Reliable Poultry Journal. 

Rhodesia Agricultural Journal. 

Rice Institute Pamphlet. 

Rockefeller Institute for Medical Teetearch Studies. 

The Rotarian. 

Russian Information Bureau in the U. S., Bulletin. 

Revista Agricola. 

Saturday Evening Post. (Miss McDaniels. ) 

Saulte St. Marie News. 

Soo Times. 

State Plant Board of Florida, Quarterly Bulletin. 

School Life. 

Science and Industry, (Australia). 

Seed World. 

Smithsonian Institution, Bulletins U. S. N. Museum. 
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Smithsonian Institution, Contrib. to the U. S. National Herbarium. 

Smithsonian Institution, Miscel. Collections. 

Successful Farming. (Bound vol. also received). 

Sultanic Agrl. Society. (Egypt) Bulletins, Technical section. 

System on the farm. 

Union Bulletin. 

Union of South Africa, Dept. of Agr. Journal. 

U.S. Dept. of Agri. Bureau of Plant Industry. Current author entries. 

U.S. Dept. of Agriculture, Public Roads. 

U.S. Dept. of Agriculture, Monthly weather review. 

U.S. Library of Congress, Catalogue of state publications. 

U.S. Supt. of Documents, Monthly Catalogue of Public Documents. 

Vocational Summary, U. 8. 

Wallaces’ Farmer. 

Washington Farmer. 

Washtenaw Post. 

Weekly News Letter. 

West Indian Bulletin. 

Wilson Bulletin. 

Wellcome Tropical Research Laboratories, Bulletins, Chemical Section. 

Sulletins, Entomological Section. 

For many years certain foreign publications have been received with 
more or less regularity, during the year a “periodical” card listing titles, 
has been made and filed with the card catalogue. 

The publications of the U. S. Dept. of Agriculture, and the bulletins 
of the various state experiment stations, with the U. S. Dept. of Agri- 
culture card index are received and filed in the library. We also receive 
the catalogues of the leading educational institutions in exchange for 
our own catalogue. 

We are glad to acknowledge our indebtedness to the libraries of the 
U.S. Dept. of Agriculture, The University of Michigan, University of 
Chicago, the John Crerar library, the Johns Hopkins, library, Library 
of Congress and the Library of the U. S. Sturgeon General of the U. 8. 
for their courtesy in loaning to us certain publications needed by our 
research workers. 

The circulation of books has greatly increased in number. 11,508 
volumes having been loaned during the year for home use, an average 
of 959 volumes per month. The largest circulation for any one month 
was 1,257 books; the smallest number, 282 volumes were loaned in August 
of 1922. 

The work of the package library is growing. During the year 91 
packages were sent out, and many more were used at the college. This 
service seems to be more and more appreciated. 

Early in September Mr. T. G.. Lindquist, assistant in the library, re- 
signed. He was succeeded by Mr. Herbert Patriarche, who served from 
Oct. Ist until late in December, when he passed away, after an illness 
of one week. During his short service he made many friends at the col- 
lege and in the community. Miss Ruth McKinley, a graduate of this col- 
lege, came to the library on Jan. Ist. She brought with her an experience 
of four years in the Detroit Public Library, and is giving splendid ser- 
vice. Mr. LeRoy Stegman, who also joined the library staff in January, 
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is giving good service. To the entire staff I desire to express my appre- 
ciation of earnest effort under most trying conditions. The new building, 
now under construction, and which will be ready early in the coming 
year, will render library service much more attractive, and, we hope, 
more efficient. 

Mr. Hinshaw, our student assistant, was graduated +this year. We 
are sorry to lose him. 

The library of the Experiment Station grows but slowly. During the 
year, 249 volumes were added, of which 8 were purchased, 3 were gifts, 
and 238 came by binding. The Station library now numbers 5,328 volumes. 
The college numbers 43, 770 yolumes. Total in both libraries, 49,098 
volumes, which does not include volumes received from the U. S: ‘Supt. 
of Documents as a depository library. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 


REPORT OF THE DEPARTMENT OF HEALTH SERVICE. 


To the President :— 


Sir:—We submit the following report of Health Service activities at 
the Michigan Agricultural College from Oct. 1, 1922 to June 18, 1925. 

Medical examinations were given to all new students at the beginning 
of the school year, and also to a large number of Short-Course students 
throughout the winter term. 

In January all students were given smallpox vaccination, due to the 
fact that a case of it was reported on the campus. 

An epidemic of Septic Sore Throat began in the fall term, and lasted 
during the winter term; also an epidemic of scarlet fever occurred dur- 
ing the winter term. This, along with the smallpox vaccination, gave a 
great deal of added expense to this department. 

In the latter part of January, it became necessary to seek further room 
for the hospitalization of students. One of the girls’ dormitories was 
used for this purpose for about two months. 

This has been a very satisfactory year professionally on account of 
the multiplicity of ailments, and a very satisfactory one personally, as 
all students returned home well. The Health Service wishes to thank 
Mr. Halladay especially for his kindness and his co-operation at all 
times during the year, and think your Honorable Board owes him a vote 
of thanks for his kindness to the students while sick. 

Respectfully submitted, 
A. BORLAND, M. D., 
Director of Health Service. 
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Annual Report 


1922-1923 


STATISTICAL. 


Dispensary Calis\cs27-c. = 
Room Calls 
Hospital Bed Patients ....... 
Hispital Daya tcc eee 


Appendicitis, Acute tne. tr atectonata. tt. cine cia stirs 2 Ofitismedia.. <7 asec sete ck sed Stee noe Seemoae 4 
Adhesions, intestinal sate se tees heey tap eT 1 Observations: & hee koe ee 6 
Arthritis:<.}. 2 soos ero nerc mance ere eee ate nae 4 Pe 
Bronchitis; on. coe cek os See he Cree pea eee 9 Pharyngitiss 3. 243s tastadiees Gh ase ve oe Bee 7 

Post-Operatives: 
Burn and infection:..crd 5.c.ce cee ease cain eae if Tonsillectomy: sap otek okt cei oe ee eel 16 

ETE) F(a age tr ree pee re REE eh eR ERR OSC 2 

GColhalitise tench scien eae ccleaner 2 RiDsTEseCHON a Kee Celene aes 1 
Conjunctivitis, psp ee cute. ber taka = co fate Bebe letare%~loi 2 Draining of sinus 2 
Conjinictivitis: purulents sen sticer tec lela easier 7 Post-Oper: StitehvAbscess.+. .---ass cece ese eee 1 

Parotiditig: sag erie is oeen eee aie 7 
Diphtheria wc eases pe eielate et acta eestomerayn 1 Plennisys.c0.. cee eee cee Doan oe ae 2 
Diphthersaatypieals gee ve see ee Sele ele eee 1 Pheumonias sctoece oe sore ae ee ee ee 5 

Ptomaine POwOnWgs?.cce seeder eee eee 1 
Hicythemia multiforme. ses. tere ler terraia oe ale tela 1 ; 
EVRIDGIAS eect aera ee ae biden aie tam ase 1 Quingys om <cst ee cakes sao he an Tae ie ene 3 
Fracture and sprain, ankle......................... 1 12ers, Se Ge RO ros tented is Wa) Ne ee Be ennai 3 
BrachirecMipccssoeo et eceie eats neato chic tee 1 
Buirimelesenetts.0e tow cncens dk cane ato tes 2 Scarlat: Fevers 27-2 Agana ctacest eee ee eee ee 50 

Scabies. 25% Sasso Poe iets ee ew ct ore oe aes 9 
GQaatribisiees eee eeeibealonre atonal tavae ase aelots a nt 12 Septic'sore throabig.s.cec << oi -oteutenes eae aie ee 44 
Gastro-onteritis. cs Sse cee ee cineceistels tere are nae 3 Soran ankle: soc cr< Satac eee ea ee eee 1 
Gola tOKle: sac ee ete eek eee Swot 1 Sinusitis, fdrontalss} coer on eee ieee 2 
1S hig Py ea apoE PaaS MenHACES nan oGet oenin arte 1 Tachycardia: stsstes eet Rete ree eet 1 

Tonsillitis: nccesvite.g hece as Ota oe oe er eee 3 
Infactive: Dermatitis, cc\s.cio ye cates hse eet emer 2 Tephoid fevers-t.<- costumes eee moe tee 1 
Fnfeetion local score ase aie ale rs wet te ae ees 4 

Vaceination reactions s0n-s2en seb ches see een 1 
NeaGrippe seta sce en iol oe onctaretnaat teen oaeartientaits 28 
ATV TE UGS ies cere ete teeter tes i yan oe gota hota e ci 3 Whooping: coughyiccasiet eet ee tae iprcen 1 
Neuralgia, intercostal........ Masdsncussagaosielsunc 1 

CLINIC REPORT—1922-1928. 

UT et nen ns See SAS SR LOM BEC nya SC oer 8 Dermatitis: sea): ie -citp ESO asin Beene 38 
ADSCGES oa Sota SAGs scree Oe UOT Mn bic em ate 15 Deviated septum 4 
iAlbeasions S02 =: Gan loe cece a roe teen ee tate 62 Diarrhiea® toxies.o crc ck comic oe eet ee ee ; 8 
AGenibis So) ck seerer eS coe cee noes stele eaeeiee sates 4 Dysmonorrhes sv. so ae sence ee el aeeee or bakes 3 
Adhesions, intestinal -c..s:2yi ac roeiews netepeiow ot o's Cees 1 Dislocation | ace ona ct en ee ee 18 
IMlOpecinte) a22c a ics mon ial ale ae eee 2 
Amputation of fingers... Aa iicis civre atvigseteioaie oreia ee 1 LOT e111 Rane ae Be cre Baber a upe Rrree s  MUDE ry oie Pea = 6 
Aortic disease o9.0.0 Peat, eats Secs eee Senos 6 TMpIStAXIS ty cto: ar i.e hare, code eta ees aera ce Pare 3 
Appendicitis; acute: 22easee ct act ete eee 16 Hpitholioma. <-25. 2. Se tea tee aes 1 
Appendicitis; ChrOonies: tities.» ci oie «jycicisye> Seelsicase 5 Erythoms multiforma. iecep, =e tees ee = 1 
Arthritis; ACULOs. 2 hist eee coe or eee nar 16 Examination for health certificates..................- 10 
Arthritis: ihosacrale sen nsaoei sien a ot aalr. 3 Cme ts 8 Examination for gymnasium work.............-..-- 32 
AB t RM «ay: core one ca eloe wake etic em alee cherie 3 

Flat Westnet. Soto t tin ges «bel ee ee eae ee 6 
Broken arch; wer. 27552 «e-cpeaeaenaen cates 6 Horeign Body... cee aos Gce pecker eeeeeee es 26 
Bromidosis’ 1th se aie cose ee eee aS TS set Reeth 18 Bractire st Soe sc ote on ne eee ere te 18 
Bronehitis, acute, 2 noms yen, avid suieoee mee aa ec 42 Frost hites.- ck daze od aguesk oe ee 3 
Bronchyis ;chronic.+.. 2 oss ceee cae eet cee 2 Hurunele...s os. 465 seas ee oe eee ae ee 102 
Bronchial ‘eough! = s2ecice a oS a. eee eee 34 Burunculosis: ; 4-24 bens thine ses sa ine eee ee 12 
PSTINIOUS Sera i phe ase es aktos ot ens aoe oe eEA 2 
Burnt ees ee ee et PE eee a a ee 19 Gantritiay oats FAL got a eee nee eae cee ae 82 

Gastro-enteritis. «04-05 toes Bat ee 22. 
LCOCUTTIT (aia 5 Rea OeI ape Ee tees tects sc 2 Gottre: simple: 7.8052 i Fa on eee 24 
Apel etbstae epee rieeie Pats apt etnies 4 nee ne Pucieclae tae ee Uke 4 Gun-shot woundss- 27 soe se 2 
hanpenip meena on. wees cu tenes ey 3 Gun-shot wound. old coe rene ee ee eee 3 
Concussion, brain 2 Hayfever ses eee ean Goan ek aan 2 
WonjuncionsaCUL pyr ance. e's: in rc uawieere eee 40 Heamintoma si < soiree ne one aicbet oap e 6 
Conjunetion; purulente.4es. hel eae te 22 Hemiorrhoidss.<aeecisckiseciose see es 3 4 
CONGTIBSION Sect ans vacr ete ics lecarsric Sctiste e sicntaertas 26 Herpes ‘simplex... Ss, tases neem ee 8 
(OPEL Saab osaeciasee HAG" bade soa Oe aioe ent 2 Herpes ZOBten os. ceek pene sno eee cil pot meee 2 
Cystitis scence ic sane teen eapteene ae ane 6 Hordeolum’. \.ssoh ea hoe ee a eae eee 24 

Hydracele soot esters dinars Sith PO a ee 4 


Men Women Total 
5709 765 6474 


209 54 
2005 
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Hyperacidity......... Sua 3 chet eee oat e 6 Quinsy eee lee le eh ore Ae BR CCrr a er it 1 
ignornhilimiydrines trees <tr t ae ceca one wear e 14 . 
Eigpartrophied tonsils: jac a 1its. ni qe teres eee oslo icsaidaie 40 Refer: privateyphysicians. ..i..s vaweia § qa s ee oF 52 
TESA ganc cle come ae cop Ode ROR ee iar anceatetr 3 RiniitissaGllatea ss aeet a ee see och chs ee aoa 
Immunization: Soa bicdaae cere eo eae rT ores asd: 22 
Anti-Diphtherta-es > cto. Pee ak eo haan 32 SYR Gti Uae See AUS Ge En oe Be 3S ota ee eae 3 
Ante BNINiMOWIUSIS! ost ce cok lata tem seine) Dae siyatece 6 Sepiesore throatsanvat smacks ex ie ena eet ees 92 
IANtintypHOlds Sestak eee s eee ee oo vce ois 72 Shoe pressures: ie s,g2s tee eee eae a x eee 14 
Raapeted Cerumien awa re Jenin Ge eatin v0 24 Sinusitis: acute.t = srk. bee Becleoe eA see es ok 38 
Rrnirated earloDeere . 5 vsind «clcccrm cares stem Govertie ws 1 Sintinitis® CRYONICS). ioe was oe coe Re ee oes 4 
Infections, local................%. eit Saran eeis teks wast Sas eee meee 48 
Infective dermatitis............. fe 11 Strains lipamentses.cack arcas dss saan ce roe 32 
THe: ii ees 27 ee A 62 NSE IIATL BLS Ee ee ei ccess cre ee nee av Te ote ener oe 1 
Ingrowing toe nail................. af Be eS ee 4 Sombre ena sake schon oh rget icy Cae hs 
Syilovltint cocci os we cise sarc: selene ee 2 
TLAA Getto eae ees Senn Beith ace 63 
PEMD PGGt a oie ee nee Matos Sa Pcie ga sidenlets 38 CPRGHVOALOUU NING nati t ts ts arsig crocs vibes etc re 12 
Trarysettis; ACULG aso. take. meee eat FRE i 20 SRETOSYDOVIGINo er et bes eee rls ee aera 2 
FU yrOleihines si es eo sacl atie cies oases Gas eS 2 
EC Nt Ah. tat so sao oe ee) Be dn a 6 ERAUSUNLISC RES RTD Stee ete oe he roe 52 
WUismretinit Sere ney tert) Pee ac fs eae an teil Sunt Sno. tevlweets 42 VouMMPAINONt whe. storey ss gs eaoeaa ty eee 8 
MAME GIREASOOCE iter oe nd ee oe nd os aera > ae 12 HrIGUDHY LOSIR Mites cates een eet aces ode Mn cers seers 15 
IGEN, 2S aR cae atee one | eet tnt SE MEE oe Eel eae 2 TPubenculosisy NGIplent: ss Meeee lad sock peak BERS 3 
DV pet lpi iets woot ain reais eee ope wk aisles a ate 52 
[ON fecha aaa 5 Ara Le ao Siete BoP re Rr Gear be 
LEER b ootiog Waban CROC Oe REE Core Dace De cer 32 
Nanenealemmiwolmel tc. cho st au cetacean elate cote nes 4 Warigdacelos- ccs ee ost coat ees Meme e carat. 6 
'VATIGOBGVOINS sas > coho: Bae Beane eloen sek eee Se 2 
OVS SAE TOT eS ES Soe oie wie ee eee archer nee Ra 55 
lair CERTG aioe 5. cae tenres aera ele he MA ae don 2 Went 3.50). st tates Seek ne oa cas aeons 6 
Pohitintinidinw Aitikte see ere se Nona” ns Aaa Tee 14 
@Otitisimedias chronie.s).) kee tekt ss... 2.2 52040 2k. 2 LABORATORY 
Gh Orr SAREE ORT oes as a rire at Oc oa diciele mong eae 2 
Bice Guluuresee ct occ es han re ee 3 
PMICHIORIRA Een rae o SoA dels cuca Bec'¥ bine epee s 12 Blood (count 044-2402 rere eee Sooo oes 18 
LICLLSTTs rotor BRS OP RLS SAEINIE SER SOI Oe ie teteR Sg ae 8 
LUT oa or oe Bee ee be Bitaigs © kiaent SOR MAAC 318 Purulent exudate Wo.ins cis secrete daek ele oer ae 13 
Physical Examination other than freshmen.......... 70 
PRINOTUIV Vee = eee ake Fas ds clo ats ode sia te ae 10 WmnpatPOsGie.) onsen oot e meat oe tee sacs 132 
Post-operative stitch abscess..............-...2-00- 2 SiamaAGMANnAlyAls’ ona clcce s anlataneate staal accesses 19 
Dlenringee sets ees ete eo see oc ahh stare sine aalee cents 10 SpOMPreon cer can cad eonCas nines aig’ aoe tole 4 
PING Chine WOUME Ts sonia hence bon sokron'sts tia 28 
Libr TERT le cies a ete tam See aes a a 2 LETTS age aie Ene Oe a= ea Tree tener ne Ae oa 721 
LEST eS cog Rabiab oe SE OO THC Br Sn Oe eee 2 
: Wassarman’ sistas a reac oto ngs lane cte wave 28 


A. BORLAND, M. D., 
Director of Health Service. 


REPORT OF THE DEAN OF APPLIED SCIENCE. 


To the President :— 


Sir:—The close of the second year’s work for the students in the 
Applied Science Division has made apparent the wisdom of adding to 
the course for major subjects, Economics and History and Political 
Science. Due to popular demand for a more thorough knowledge respect- 
ing the underlying fundamental laws which control economic progress 
for the individual and the nation, a large number of our students have 
been attracted to the courses in economics which were offered for the 
first time this year, due mainly to the influence of President David 
Friday. Some of our students have shown unusual ability and all of 
them who devoted themselves to Economics have made fair progress. 
It is perhaps for this reason that the Bregger-Friday prize offered for 
the best essay on an economic subject was divided between two stu- 
dents, both of them registered in this division. The subject discussed 
was “Is it to the Economic Advantage of the American Farmer that 
the Land Values of Farms Should Go Up or Down.” 
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From my viewpoint the outcome of the experiment made when the 
Applied Science course was established has so far shown conclusively 
that students of this college in. other departments were benefited by 
the introduction of the course, for during these two years students 
have entered upon the curriculum offered in the Applied Science Division 
who had previously had a year or more of work in some one of the 
technical divisions for which the college has heretofore been famous, 
namely Agriculture, Engineering, Home Economics and Veterinary 
Medicine. These students have transferred to this division for various 
reasons. The most striking one of which is that they have determined 
for themselves that the technical training in that particular line is 
not the training which will develop them in the most satisfactory way. 
On the other hand a number of our students entering last year in this 
division have determined for themselves that the technical courses offered 
at M. A. ©. were better adapted to their needs than the courses given 
in the Applied Science division. As a consequence we have had an inter- 
change of students between this division and all other divisions of 
the college to the decided benefit of the student. 

Throughout the year it has been my aim to become fully cognizant 
with the work of each individual student in the hope that the ideal of 
good scholarship throughout the course might be cultivated and main- 
tained. Although illness of a rather serious character has prevented 
me from carrying out the plan to the fullest extent, I still feel that this 
personal contact with the individual student has proved helpful and 
that scholarship of the various students has been influenced advan- 
tageously by this closer contact. 

The number of students registered in the division is somewhat larger 
than that of last year, the enrollment of last year being 122, and this 
year, 159. At commencement, three candidates from the Applied Science 
division were given diplomas, Floyd W. Bueschlen, majoring in Chemistry, 
Viva L. Davis, majoring in History and Political Science, and Fred 
W. Henshaw, majoring in Economics. 

Owing to the requirements made by the University of Michigan and 
similar institutions for two years of collegiate training as a prerequisite 
to entering the medical course, a number of students who may later 
pursue the course leading to Doctor of Medicine, have found the cur- 
riculum of the Applied Science division during the first two years fitted 
to the premedical requirements. Outlines of the premedical require- 
ments for our students will later appear in the college catalogue. 

The committee who prepared the original plan for the Applied Science 
course, consisting of Dr. Bessey, Professors Ryder and Plant, are still 
acting with me in the development of the work. Studying the conditions 
in this institution and others, we are led to believe that the curriculum 
of study should be broadened, admitting as major subjects both English 
literature as well as Drawing and Design. 

The help of my assistant, Miss Delia Bemis, throughout the year is 
most gratefully acknowledged. 

Respectfully submitted, 
FRANK 8S. KEDZIE,,. 
Dean of Applied Science. 
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REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


To the President :— 
Sir:—The distribution of class work amongst the teaching staff is 
indicated by the following tabulations: 


SUMMER TERM 1922 


REE DONOG YS Io tie ane, es ee, woe ale ns 28 Ward Giltner 
rie ET OT ric ta RS ah, aa ole S Gro Sesece a 6 9 F. W. Fabian 
Fer MURGt ROMP SY ory. PS le aire 5. ssctelaie v ervis ¢ ecv s+ 4 F. W. Fabian 
ember MONO LAR Sie o se wis wits 6a whe “es tans 1 Ward Giltner 
PMORCEUOLOO Was 1G tor cia- cits stauavaeye's <a att ss 1 Ward Giltner 
ARCOM OR. Micv est cee is oc iets ais awa ei + «4 sons 2 Ward Giltner 
Beaver OMOSY ALA fx po wc tioucne we nein 6 ute, ede 6 Ward Giltner 
Eee MONEYS Disb ate ola ne: die lose in'y wes ms Soe weds 2 2 F’. W. Fabian 
Be GeErOlO mye TOD oie cc ieee ees alec So oe H. J. Stafseth 
SECOND SUMMER TERM 
Pee EOI OO eayer lee Wee etre lotaicts Gece eis bose ees: o 20 Ward Giltner 
eC hemtOROR ys ba cal tans conse ie sce core, ose ss Ward Giltner 
FALL TERM 1922 

| BZ ECRET ETD SECA ail OS See eee sa a ar 49 Ward Giltner 
ECS § Scr 1] Oo) tal Gage Ue eee nS Per 136 Ward Giltner 
Pe LeMMO lays Det ely shots) a araiw se Slate wnt stastehs 15 W. L. Malimann 
SCD EIELODEDDY VE eye cise 2 os ie aarti 2 whe aa ew oe ) IF. W. Fabian 
PreNG UCI YE re ewe As din, « G.aiens oreta sts) ous 1 W. L. Mallmann 
Smt RAPES Vo Med tet ce xs) KGa aeiss vay, 6. abe Sie ss ) W. L. Mallmann 
IBY ELe5 GLO EO Sa ab © Olan pera et a Pa een 1 Robert L. Tweed 
ene LG 9 ge Be Beans oe Roe ee me ee 2 G. L. A. Ruehle 
ACER ON Lee os She tees 3 ewe 20 Ward Giltner 
Bacrermology 230 ie vices. wat a ewe 1 W. L. Mallmann 
eAGteOMOlG ev Zale  ihi) sks Uae exe ae eA 3 F. W. Fabian 
BAGO OlO iy 25 -Aets Osi os sivlaniide sas, = 155 Ward Giltner 

IE NeMUEL OMS Yo SIA MDE oa oars hoes cnavece, spay bbe i W. L. Mallmann 
| SSEUTE as CY oe Fae a 1 L. H. Cooledge 
PEUTIC OO, Mos Nee ke Gnarls eee ig it Robert L. Tweed 
A CheriOlo mye NOC oe Oca. Siac. lis 51s aietere sean 2 Robert M. Snyder 
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WINTER TERM 1922-23 


BACCCEIOLOGY 18... .0 <aie-o eases ee i! Ward Giltner 
Bacieriology 1.0529 cee owstoe teen 115 Ward Giltner 
Bacteriology. 2 x. hs2 kes oe eee 24 W. L. Mallmann 
ISACLELIOO GY: isis sins shaeto tessa opts ones 16 F. W. Fabian 
ISACTELI OLOGY: sree pune shake ot owe ieee 12 F. W. Fabian 
Bacteriolory ieaauena eee em 3 W. L. Mallman 
Bacterial ogy Also e ince aoe eee t F, W. Fabian 
spacteriology Ab cass assis ts gus. ec oe eae 6 H. J. Stafseth 
Bacteriology An. cs-ats seers eae 1 G. L. A. Ruehle 
Bacteriology: 19 -.-<-. 1m saab cca Cae iL H. J. Stafseth 
Bacteriology: Wes cst secon tee Seis ih Robert L. Tweed 
Bavterioloey 105 His yc: eee oe 1 L. H. Cooledge 
Bacteriology 104... .3 st. wishing ae See 1 Robert L. Tweed 
Bacteriolopy 0b: 32 sss onic siphc aie pate 1 Robert L. Tweed 
Bactenolacy: (05.1057 ot. 2. ateaee ee 3 H. J. Stufseth 
Bacterulesy. 106. 5 ooo hoes see 1 Robert M. Snyder 
BacteniglogysWye 2b eo. he. oes Sete a 1 Robert M. Snyder 
Bacteriolooy: MOS ies ec cak oS ise oe wei 3 F. W. Fabian 
Short AC Oty ty paves se seer ss wee eae 15 Robert M Snyder 
Slrort: Comes, oats tp came bets ose eee ee ) G. i. A. Ruehle 


BaCteriolonwy< Ase yi. sic suse sao ch ths aioe oe 85 Ward Giltner 
Bactervology Aes. co sew scat neeye eee 121 Ward Giltner 
Bactertolopy Uy ec ss tle owen eben ts 1 Ward Giltner 
Bactorioloty 2c Vel et on Mee mite ees 3 F. W. Fabian 
ERA CLETIOMORY soe. s ttt eon eh aiete eas mae ere 26 F. W. Fabian 
BOCterOlOey, Ae ss wee ee ee 1 W. L. Mallmann 
DaeheriOlory Aes 4. ccauas Ss setae eee es 1 F. W. Fabian 
BACteMOLG Rye Ditz, eo ones wie eee oe se eet 3 W. L. Mallmann 
BACcerigig ey Adeeb ee ce eee ts eb ee + G. L. A. Ruehle 
Bacterioloey Ply ak sss eb ees eae ee 9 H. J. Stafseth 
IBSCEETIO Ogee Tie Ar heaters eet cee aes 1 F. W. Fabian 
bacterwolosyeate ye Mckee se es ee 1 G. L. A. Ruehle 
Bacteriology.rilte 58>. tara ceeee eee 4] Ward Giltner 
Bacteriology dWiggses: °..% cnet as eee e 1 G. L. A. Ruehle- 
BACErIO Oey MOE n re hie, Areata cae 7 H. J. Stafseth 
BACtEMOOSY | Doan hh as ese es ae bees 21 W L. Malimann 
Bacteriolory 103). 26 cds sek ene es See 1 L. H. Cooledge 
macuernolagy: 104. Systane ce ee 1 F. W. Fabian 


Dr. Stafseth has also devoted considerable of his time to a class in 
poultry husbandry dealing with the prevention and control of poultry 
diseases. We are considering the desirability of suggesting such a 
course for another year as a part of the regular work of this department. 

Fhere have been no marked changes or incidents of outstanding import- 
ance affecting our work. 

The special courses for students in the Applied Science Division are 
being developed in a satisfactory manner. Work with graduate students 
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is progressing in a way that betokens well for the future of the academic 
standing of the college. We anticipate no trouble as a result of the 
lowering of required credits but look forward hopefully to a beneficial 
reaction on scholarship. 

Changes already authorized in the organization of the Veterinary 
Division should strengthen the work of this department. The courses in 
Parasitology will be listed as Bacteriology 5, 6, 7 and & in place of 
Entomology 8, 14, 16 and 17 respectively. From a practical standpoint 
this plan should work out advantageously. It is to be hoped that nothing 
in the operation of the new plan of organization will react unfavorably 
on any phase of the work in bacteriology. 

Robert L. Tweed, Instructor and Research Assistant in Bacteriology, 
accepted a position with the Gorgas Hospital, Tampico, Mexico, May 
Ist, 1923. His record with us was very good and his absence has already 
been felt but it is possible, fortunately to- divide up his work and allot 
different phases of it to the more experienced men in the department. 
It is felt that this is a better procedure than to attempt to replace Mr. 
Tweed with an outside man. We are still of the opinon that the best 
policy is to retain the more experienced men and supply them with 
plenty of student assistants who will remain as a rule only a relatively 
few years while in many cases working for an advanced degree. The 
objections to this plan are obvious and weighty but are overcome by 
still weightier considerations. 

Experience has already reassured us that we may look forward to 
anew year with promise of much in the way of pleasure and productive 
results under your leadership. 

Respectfully 
WARD GILTNER, 
Professor of Bacteriology and Hygiene. 


REPORT OF THE DEPARTMENT OF BOTANY. 


To the President: 


Sir:—During the fiscal year just closed the teaching staff of the 
Botanical Department has maintained its efficiency since, in the main, 
it has been the same as for several years past. The following changes, 
however, may be noted: 

Assistant Professor Bertha E. Thompson was granted a year’s leave 
of absence, which she has been spending mainly in botanical work in 
Oregon. Dr. L. A. Kenoyer was appointed in her place for the year. 
He was, himself, on leave of absence from Ewing Christian College at 
Allahabad, India It was most fortunate that we were able to substi- 
tute for so able a teacher as Miss Thompson a man with such excellent 
training and experience as Dr. Kenoyer. 
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Mr. H. C. Young was also granted a year’s leave of absence. He accepted 
a fellowship established by the Plant Protection Institute at the Missouri 
Botanical Garden, where he received his Ph. D. degree last month. His 
place was not filled, owing to lack of funds, thus throwing an extra 
load of work upon Dr. R. P. Hibbard. 

The three graduate assistantships were filled by the appointment of 
Delbert Swartz, a graduate of Miami University, Oxford, Ohio, Dewey 
Stewart from ‘Alabama Polytechnic Institute, and John R. Cole of 
Mississippi A. & M. College. 

The spirit of scholarship has been excellent the past vear, showing a 
marked improvement upon that of previous years. In part this may have 
been due to the presence of five graduate students working toward their 
M. S. degree in Botany, and one with a Ph. D. as his goal, in addition 
to several graduate students who were taking Botany as a minor subject. 
One of these graduate students, H. H. W edgeworth, occupies the National 
Research Council fellowship established here for the investigation of the 
relation of sulphur to the control of potato scab. 

It is much to be regretted that the shortage of funds made it impossible 
to purchase some new microscopes, of which the department has been 
in need for six years. This has also prevented the purchase of some 
important apparatus for advanced classes in Plant Physiology and 
Plant Pathology. The Herbarium has suffered most, however, from 
this shortage of funds, in that is has been impossible to mount and 
add to the Herbarium many hundred plants that are ready for mounting, 
besides preventing the purchase of some very important collections of 
plants which should be added to the Herbarium (We have been fortu- 
nate in being the recipients of two donations of collections for the 
Herbarium, one from Dr. D. A. Pelton, M. A. C. ’88, now living in 
Forrest City, Kansas, and the other a very valuable set of Washtenaw 
County plants from Professor B. A. Walpole, a most enthusiastic 
amateur botanist, to whom the Department of Botany is continually 
indebted for assistance in various ways. These collections, however, it 
has been impossible to mount due to the shortage of funds 

The Botanical Garden has been criticized very justly for the lack of 
labels. This again must be blamed upon the fact that no money was 
available. In view of the fact that the Botanical Garden and the 
Herbarium are of great service, it is highly regrettable that they have 
had to suffer so conspicuously during the past two years. 

The botanical interest among the advanced students has been main- 
tained, in part, by the honorary botanical society, the Botanical Seminar. 
This past year this organization held a Darwin Annivers ary Banquet 
in February, at which Professor H. H. Bartlett of the University of 
Michigan gave a very interesting address on the subject “Mutation and 
Evolution.” It is expected to make this an annual event. 

I wish to record the most loyal co-operation of all members of the 
botanical staff and employees of the department in this past year. With- 
out such loyalty nothing of value could have been accomplished. 

Respectfully submitted, 
EK. A. BESSEY, 
Professor of Botany. 
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REPORT OF THE DEPARTMENT OF CHEMISTRY. 


To the President :— 


Sir:—I have the honor to submit the following report on the work 
of the Department of Chemistry for the year ending June 30, 1925. The 
teaching staff for the year was as follows: 

A. J. Clark, Professor. 

R. C. Huston, Associate Professor. 

H. S. Reed, Associate Professor. 

B. E. Hartsuch, Associate Professor. 

T. Ewing, Assistant Professor. 
H. L. Publow, Assistant Professor. 

P. S. Brundage, Assistant Professor. 

©. D. Ball, Assistant Professor. 

EK. F. Eldridge, Instructor. 

H. D. Lightbody, Instructor. 

W. C. Lewis, Instructor. 

R. L. Baxter, Instructor. 

H. M. Krebs, Instructor. 

M. L. Grettenberger, Assistant. 

W. R. Wilson, Graduate Assistant. 

Gladys Wardwell, Graduate Assistant. 

I feel very well satisfied with the progress made by the Department 
during the past year. In spite of the crowded condition of the laboratory 
we have been able to expand the work along our major lines in many 
ways. Further unification of the work will be effected the coming year 
by placing Chemistry I for the H. E. Freshmen along with the Chemistry 
I for the other divisions. 

I appreciate fully that much of the success of the past year has been ° 
due to the splendid spirit of co-operation which has been shown by 
every member of the staff, and I take pleasure in acknowledging this at 
this time. 

Fifty-five courses have been offered during the year. The number of 
students enrolled in the Department during the year was as follows: 


SUMIMeR CL OPI oc cue oS ca ees seen ee ees 1922 93 
HCCI GRE peer car nee tate e scares hace was 1922 848 
3 Er ig) Coral BOF 9 aetna ge Cen aa Pe a eR 19238 863 
RS PR ORM rainy pre state wise as sera 5 eee nek 1925 664 

PP Uae rats Sheree oo eta wie a! erat el orale ore 2,468 


Respectfully submitted, 
ARTHUR J. CLARK, 
Professor of Chemistry. 
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REPORT OF THE DEPARTMENT OF ECONOMICS 


To the President :— 


Sir:—The following is the report of the Department of Economics 
for the academic year 1923-24. The total number of enrollments in 
the department for the year equalled 2,024—distributed as follows: 

By terms: Fall, 727; Winter, 711; Spring, 500; Summer, 86. 

By subjects: Economics, 1,858; Sociology, 166. 

The total number of hours taught during the year by members of 
the department equalled 2,574, divided as follows: 

By terms: Fall, 836; Winter, 778; Spring, 660; Summer, 300. 

By subjects: Economics, 2,394; Sociology, 180. 

The adoption of an Engineering Administration course by the college 
authorities last year has added materially to the subjects given in this 
department and to the number of teachers. The new subjects were as 
follows: 


Keo. 52, Accounting; Eco. 41, Banking, Securities and Investments; 
Keo. 42, Transportation; Eco. 43, Bunners Law; Eco. 50, Corporation 
Finance; Eco. 51, Industrial Relations and Eco. 52, Business Cycles. 

The new course was first offered to the juniors of the class of “24” 
and received an encouraging number of elections. It has also been 
chosen as the major line of study by a large proportion of the engineering 
sophomore class so that it bids fair to become a very acceptable sort of 
work in the engineering division. 

The place of economics in the applied science division has also been 
widely extended. This has arisen through the fact that it is now a 
major study for applied science students. New economic subjects taught 
in this division for the first time this year are as follows: 

Eco. 3b, Accountancy; Eco. 21, Advanced Economics; Eco. 20, Economie 
Problems, Eco. 18, Money and Banking; Eco. 19, Railroad Transporta- 
tion; Eco. 17, Monopolies and Trusts. 

During the year the subject of Farm Management has been associated 
with the department of Economics, instruction in this line of study 
being given to Juniors in the fall term and to short course and Federal 
Aid students during the winter term. The extension work which had 
been carried on for several years in Farm Management was discontinued 
during this year owing to a lack of suitable help. 

Upon the reorganization of the Agricultural Division curriculum, 
this year, the subject of elementary economics was advanced from the 
fall term of the freshman year to the spring term of the second year. 
This was done in order to decrease the time between taking the elements 
and the election of the specialized courses in Economies as far as possible. 
Courses known as Eco. 22, Marketing of Specialties; Eco. 23, Market 
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Research; Eco. 26, Extension Organization and Methods were adopted 
into this curriculum. 

The Home Economics course added a second term of elementary 
economics to its curriculum and also made the subjects of Keo. 24, 
Institutional Accountancy; and Keo. 15, Marketing Technique required 
subjects in the Institutional Management, major. 

In the graduate school curriculum, there were added this year Eco. 
100, The Economies of Food Production; Eco. 101, Agricultural Eco- 
nomics; Eco. 102, The History of Economic Thought and Eco. 105 Rural 
Institutions. One student completed the graduate course this year and 
the number promises to be larger with each succeeding year. 

No little encouragement was given to economic study at this place by 
the offering of a prize by Mr. Louis Bregger “88” and President Friday 
for the best essay upon the subject “Is it to the economic advantage of 
the American people that the land values of farms should go up or down.” 
The prize consisted of $100.00 offered by Mr. Bregger and $50.00 offered 
by President Friday and was striven for by a fairly large number of 
students. In the end it was divided evenly between Messrs. F. Henshaw 
“93” and B. Halstead “24” whose essays were considered of even merit 
by the judges. 

In conclusion, commendation for efficient service and generous aid 
should be given Associate Professors C. S. Dunford, J. T. Horner and 
J. W. Scott; Assistant Professors R. S. Steiner and Walter Stark, 
Instructor F. T. Riddell and special lecturers Judge C. B. Collingwood, 
Mr. Spencer Kelley and Dr. Eben Mumford who have taught one or the 
other of the various economic subjects during the past year. Commenda- 
tion too, should be expressed for the help of associate Professor Lloyd 
Emmons of the Mathematical Department for his able presentation of © 
Eco. 44 “Statistics.” 

Respectfully submitted, 
W. O. HEDRICK, 
Professor of Economics Department. 


REPORT OF THE DEPARTMENT OF ENGLISH AND 
MODERN LANGUAGES. 


To the President :— 


Sir:—I herewith submit for your information a brief report on the 
work of the Department of English and Modern Languages: for the year 
ending June 30, 1925. 

The teaching staff for the year was as follows: 

W. W. Johnston, Professor. 

E. S. King, Associate Professor. 

Mrs. Norma G. Roseboom, Assistant Professor. 

R. B. Weaver, Assistant Professor. 
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L. C. Hughes, Assistant Professor. 

O. M. Lebel, Assistant Professor. 

A. H. Nelson, Assistant Professor. 

L. B. Mayne, Instructor. 

J. W. Milne, Instructor. 

G. W. Whiting, Instructor. 

Oscar Cargill, Instructor. 

C. F. Kuhn, Instructor. 

C. P. Hotson, Instructor. 

Of the above staff, Messrs. King and Milne taught public speaking, 
Mr. Hughes French, Mr. Lebel Spanish, Mrs. Roseboom English and 
German. The remaining eight members of the department taught English 
composition and literature. Mr. Weaver, however, gave but three hours 
of teaching per week to the department, the rest of his time being taken 
up by his duties as Director of Student Religious Activities, for the 
People’s Church. This leaves seven persons who gave full time to the 
teaching of English, and during the winter and spring term Miss Myrtle 
Maguire who was engaged for English i in the Vocational Guidance School, 
gave us a part of her time. Her doing so enabled me to arrange for 
repeating, in the winter and the spring term, the freshman courses in 
composition usually given in the fall and the winter term respectively, 
thus making it possible for a student who had failed in the fall to repeat 
the work in the winter and for one who had failed in the winter to repeat 
the work in the spring. 

The number of students enrolled in the department for the year was 
as follows: 


Summer term ........ BaiRe bie sity See eee eA 1922 iG 
all? tern 2 eae ee ee 1922 839 
WS GET Hera Rhee se aed ata ee ee 1923 1064 
RSE E GEL ee tc 5 cos Staente ot alse folic Macsnreca sae 1923 998 
RG Gallia eo ee ee A Sore Oe Oe See ee 


During the fall term the students whom we taught in our various 
courses met in 46 sections, in the winter term in 49 sections, and in the 
spring term in 52 sections. The number of separate courses given by 
the department was 51. It would be interesting and perhaps instructive 
to compare the number of students, courses, sections, and instructors in 
the department of English and Modern Languages with similar data 
from other departments. 

In addition to its teaching, the department carries on during the year 
a number of collateral activities. There have been times when, on a 
Friday or Saturday evening, as many as four or five members of the 
staff have gone out to judge debates and other contests at various high 
schools and colleges near to East Lansing. We believe that work of this 
kind is a service which we owe to the College, and we know that it has 
a tendency to bring to us men who later become debaters on our own 
teams. We have also accepted during the year some invitations to 
deliver addresses away from the College. 

Among the collateral activities carried on here at the College by the 
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department are (1) a winter-term play in the Armory and a spring-term 
play in the Forest of Arden, (2) the Lawson Essay Contest, (3) the 
Kunomian-Holead contest, which is for poems and stories, and (4) the 
training of men and women for our several intercollegiate debates. Since 
the last three of these are contests, it has been my custom to report the 
names of students winning honors in them. 

The Lawson Essay Contest was won this year by Benjamin V. Halstead, 
a junior in the course in Applied Science. His essay, entitled “The Offer 
of the College,” will be published in the Commencement number of the 
M. A. C. Record. It is interesting to note that in 1921 Mr. Halstead 
contested unsuccessfully for the Lawson prize. Apparently he has in 
two years developed the ability in analytical thinking and in literary 
expression which the Lawson contest was instituted to encourage. 

First prize in the Eunomian-Holead contest was awarded to Robert 
H. Powers for a story entitled “White Bones.” Mr. Powers is an Agri- 
cultural freshman. This is the second time in the history of this compe- 
tition that a freshman has won it. It has not been uncommon, however, 
for a freshman to win one of the several prizes below the first. 

Since the men and women (often eminent writers) who are chosen from 
year to year to judge this contest tell us that it is very difficult to judge 
justly between such different types of literature as the poem and the 
short story, and since the offering of a separate first prize for the best 
poem and of an equal prize for the best short story will greatly encourage 
contestants, it will be much better if this single contest can be broken 
into two, with separate judges and prizes. I hope to have this done 
within a year. I think that I can bring to pass an arrangement by which 
sufficient funds will be available for supporting both contests in a 
modest way. If you will consult the Report of the Secretary of the 
State Board of Agriculture for 1921 (bottom of page 122 to middle of 
page 125) vou will find mention of some of the excellent and def- 
inite results which this competition has brought about. The proposed 
plan should make it possible to get even better results. 

Our debate program for 1922-23 was the most extensive of our history. 
We took part in many debates and won nearly all of them. One of our 
teams made a trip through Wisconsin, Illinois, Indiana, Ohio, Massa- 
chusetts and Maine, meeting a number of institutions and being beaten 
but once. Such strong and such various schools as Marquette University, 
Purdue University, Massachusetts Agricultural College and the Univer- 
sity of Maine were among those which our boys defeated. The three 
debators who made this trip represented three divisions of the college. 
The men were Douglas V. Steere, Division of Agriculture; Harry G. 
Smith, Division of Engineering; and Earl H. Chapman, Division of 
Applied Science. 

Separate mention should be made of our winning of the annual Tri- 
State Debate. A team consisting of Fred M. Johnson, Virgil O. Braun, 
and Everett Bristol defeated Iowa State College here, and this victory, 
added to that won over Purdue by our traveling team, gave us the honors 
of the Tri-State League, which I organized soon after coming to the 
college. 

Mr. Milne organized, this year, debating for women. The students 
representing us were Dorothy Snyder, Elsie Gelinas, Mrs. Susan 
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Emshwiller, Marian Harper, Alberta Bates, Marion Stein, Lilian Lewton, 
and Corlan Lyman. These young women engaged in a dual contest with 
Western State Normal, in which each institution won one debate. 

I wish to renew my recommendation that the personnel and courses 
in modern languages be organized as a separate department. To what 
I said in my last report I would add that, since both Professor Hughes 
and Professor Lebel have been here for a number of years, it seems to 
me that they deserve the recognition of having their w ork separately 
departmentalized. Furthermore the demand for the addition of secqnd- 
year German, third-year French and second-year Spanish would indicate 
that the time is near when the full time of three or four persons will 
be needed to take care of the work in modern languages. 

On the whole the year has been an excellent one for the department. 
The staff has been an able one and the morale excellent. We have been 
seriously handicapped, and much of our time has been wasted, by the 
crowding to which we have been subjected in our office and there have 
been other conditions making our work difficult; but I look forward to a 
speedy remedy of the most serious of our difficulties and believe that 
the year of 1923-24 will be marked by substantial progress. 

Respectfully submitted, 
W. W. JOHNSTON, 
Professor of English and Modern Languages. 


REPORT OF THE DEPARTMENT OF ENTOMOLOGY 


To the President— 


Sir :—Following is a brief report of the Department of Entomology 
for the year ending June 30, 1923 :— 

During the year “the following changes in personnel have taken place 
in the department: Mr. 8. T. Flynn left during the summer of 1922 and 
was succeeded in the fall by Mr. C. F. Jolley, Graduate Assistant, who 
took his major in parasitology under the direction of Dr. Chandler. Mr. 
Jolley will leave during the present summer. His suecessor has not yet 
been appointed. At the beginning of the fall term Mr. J. C. Kremer was 
appointed Instructor in Apiculture for Vocational students. Dr. 
Chandler has been transferred to the Department of Bacteriology in the 
new Veterinary Division, the transfer to take place July Ist. 

During the Summer of 1922 the following courses were given: 


Entomology I (Introductory). 

Entomology II (Fruit Insects). 

Entomology F353 (For Federal Vocational Training Students, running 
twelve weeks). 

Entomology 1Xa (Option for seniors in Apiculture). 

Also lecturers were given to Agricultural High School teachers. 
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During the Fall term 1922 :— 

Entomology III (Field Crops Insects). 

Entomology V (Systematic Study of Scale Insects). 

Entomology XVIII (Systematic Entomology). 

Entomology VIII (Introduction to Parasitology for Veterinarians). 

Entomology XIV (Introductory Parasitology—-Applied Science). 

Entomology 101 (Graduate work). 

Entomology [Xa (Senior elective in Apiculture). 

Entomology Xb (Option in Apiculture). 

Entomology F1 (Apiculture for federal vocational training students). 

Entomology F4 (Apiculture for federal yocational training students). 

During the Winter term 1923 :— 

Entomology IV (Forest Insects). 

Entomology Va-Vb (Systematic Entomology). 

Entomology XII (Systematic Entomology). 

Entomology XVIIIa (Systematic Entomology). 

Entomology Xe (Option in Apiculture). 

Entomology F2 (Apiculture for federal vocational training students. 

Entomology F5 (Apiculture for federal vocational training students. 

Entomology 101 (Graduate work). 

Short course for 8 and 16 weeks, second year students. (Entomology 
for students in general farming.) 

Short course (Entomology for students in Horticulture). 

Short course (27) (Apiculture for students in Horticulture). 

Short course (28) (Two weeks special work on bees). 

During the Spring term 1925 :— 

Entomology Xa (Option in Apiculture for Juniors). 

Entomology Xd (Option in Apiculture for Seniors). 

Entomology IXb (Electric in Apiculture for Seniors). 

Entomology 101 (Graduate work). 

Entomology V (Systematic study of scale-insects). 

Entomology XVIII (Systematic Entomology). 

Entomology I (Introductory). 

Entomology II (Fruit Insects). 

Entomology F2 (Special course in Apiculture for federal yocational 
training students). 

Entomology F3 (Special course in Apiculture for federal vocational 
training students). 

Entomology F6 (Special course in Apiculture for federal vocational 
training students). 

During the year 103 federal students were given instruction in Api- 

culture. Besides this, two state training students received the same 
instruction. 


The following schedule gives some idea of the number of students 
and the distribution of the work :— 


Vocational Training Students First Summer Term. 1922 52 
Vocational Training Students Second Summer SS 1922 56 
Vocational Training Students Fall term............ 1922 80 
Vocational Training Students Winter Term........ 1923 64 


Vocational Training Students Spring Term......... 1923 27 
g I g 
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Of these same students 


One took five terms. 
Twenty-four took four terms. 
Thirty-three took three terms. 
Thirty-four took two terms. 
Twelve took one term. 


Several out-apiaries belonging to the students were maintained in 
order to give vocational training students facilities for handling bees. 

Owing to the transfer of the work in Parasitology to the Department 
of Bacteriology, Courses in what are now listed as Entomology VIII, 
XIV, XVI, and XVII in the future will be given in that department. 

In January 19235, a twenty-four page outline of a course to be used 
in teaching Apiculture in Michigan high schools was published jointly 
by the Department of Entomology and the Teacher-Training Department. 
This outline has been received very favorably both in our state and in 
other states. The edition was exhausted almost as soon as printed and 
it will be necessary to reprint it as soon as funds are available. 

Respectfully submitted, 
KR. Hi. PED, 
Professor of Entomology. 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


To the President :— 


Sir:—lI have the honor to submit for your consideration the following 
report on the work of the Department of Mathematics for the year end- 
ing June 30, 1923. 

During the year the teaching staff of the Department was as follows: 

L. C. Plant, Professor. 

L. C. Emmons, G. G. Speaker, S. E. Crowe, Associate Professors. 

V. G. Grove, Assistant Professor. 

R. C. Huffer, J. E. Robertson, R. N. Haskell, J. M. Earl, Instructors. 

At the close of the year Dr. F. E. Wood resigned to accept a professor- 
ship in Northwestern University. In his resignation the College suffered 
a great loss. Mr. 8. J. Daley resigned to go into business. 

New appointees for the year were Mr. R. N. Haskell of the University 
of Chicago and Mr. J. M. Earl of the University of Minnesota. 

The total number of students taking mathematics during the year 
was 1790, divided among the different terms as follows: fall, 570, winter, 
552, spring, 546, summer, 122. The total number of class periods for 
the year was 440, divided among the different terms as follows: fall, 145. 
winter, 130, spring, 115, summer, 50. 

Respectfully submitted, 
tO. PLANT 
Professor of Mathematics. 
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REPORT OF THE DEPARTMENTH OF MILITARY SCIENCE. 


To the President :— 


Sir:—The following is a brief report of the Department of Military 
Science and Tactics for the year ending June 50, 1925. 


I. INSTRUCTION. 


The Department has made rapid. progress during the past year 
Inspectors from the War Department stated that the system and meth- 
ods of instruction here were the equal if not the superior of any college 
in the country. We were surpassed however, by many colleges in the 
facilities available, in the percentage of basic students taking advanced 
training and in the arrangement of proper hours for the juniors and 
seniors. 

Things have changed from the “old days’ when the idea of Military 
Training was merely “squads right” and physical training could be sub- 
stituted for it. Now two thirds of all instruction is class room work 
from text books. Students are required to prepare lessons and recite 
as in any other department. The practical or outdoor work is in the 
nature of laboratory work. A student who completes the Four years 
R. O. T. C. course is qualified for a commission in the Officer’s Reserve 
Corps, and ready to assume the duties of a lieutenant in time of war. 

The following is a partial list of the subjects covered during the four 
years: Drill regulations, Courtesy, Map Reading and map making, 
weapons of all kinds and arms, military hygiene, field engineering, mili- 
tary law, military history, tactics, administration, equitation, selection 
and eare of animals, artillery material, orientation, motor transporta- 
tion and gunnery. 

The Freshmen and Sophomores spend three (8) hours per week and 
the juniors and seniors five (5) hours per week on military training. 


Il. ENROLLMENT. 


The average attendance, by classes, for the year was as follows: 


SenlOrs: ci. se. Stace Mal aat rene i ovae ce Ce ge Pe BE rR é 42 
=| PUSH MIKO ee eke Mea entre peeteet  RANNE Nice gi eA MERRIER Race PR Urry matt oy 59 
Sophomores ..... SaaS ATE ON RA als GPG dhe usta Mote e ee 192 
ere chinnemhac: taeeee arate eet cn aee clomrns cishel saae ener eecbe tome 295 

i MON E21 (Peer na pine aU Ny seer BE Se Wadtec eee eR EU meat 2448 


Ill. TEACHING STAFF. 
The personnel of the Department has been as follows: 


Lieut. Colonel T. L. Sherburne, Cavalry, U. S. Army. 
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Captain J. J. Teter, C. A.C. U. S. Army. 

Captain W. C. Chase, Cavalry, U. S. Army. 

Captain L. B. Wyant, Cavalry, U. S. Army. 

Captain H. B. Beavers, Infantry, U. S. Army. 

Captain W. H. (Warren, C. A. C. U. 8. Army. 

Sergeants J. Foley, J. Meskill, C. P. Riley, J. H. Atchison, and B. E. 
Workman, all D. E. M. L. U. S. Army. 

14 Privates, of the D. E. M. L. U. S. Army. 


The Officers and Sergeants were instructors and the privates cared 
for the horses and equipment. 

The instructors have given excellent service, but they are at consid- 
erable more expense here than they would be at an army post. At an 
army post they would be furnished quarters, heat, light, water, medical 
and dental attention by the government in addition to their salary. 
When on duty such as this they are given an additional allowance but 
it hardly covers the cost of renting a house in East Lansing. In every 
case the heat, light, water, etc. must be paid out of their salary, which 
is a loss. These people are sent here by the War Department and must 
stay whether they like it or not so it is hardly fair that they should suffer 
a monetary loss, and in many cases run behind because they are good 
enough to be selected for this superior duty. An effort should be made 
to pay these people an amount, at least, equal to what they lose by being 
ou duty here, as nearly every college in the country does. 


IV. EQUIPMENT. 


The equipment furnished by the War Department is quite complete, 
except the number of horses. There are now 40 horses on hand and 
fifteen more have been promised. The total value of the equipment fur- 
nished the college by the War Department is more than $140,000. 

Most of the equipment furnished by the college has become obsolete 
or worn out. Very little has been purchased during the past two or 
three years through lack of funds. 

An outdoor rifle and pistol range should be constructed at once. 


V. UNIFORMS. 


The uniforms were in the main very satisfactory and furnished by 
the government at no cost to the college or the students. Each junior 
and senior was given a tailor made uniform which became his own 
property after he used it one year. Tach freshman and sophomore was 
issued a Regular Army uniform for use while at college, but it had to 
be returned at the end of the year. The students kept the uniforms up 
very well and presented a very creditable appearance. 


VI. BUILDINGS, GARAGE, STABLES. 


The armory is inadequate, and an effort should be made to obtain a 
suitable building. Classes had to be held in the offices, garage, base-— 
ment and gymnasium and in some cases two classes were conducted in 
one room. 

The cavalry stables are too far away and cavalry instruction proper 
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cannot be given during about half of the year because of the weather; 
a riding hall is absolutely necessary. 

The floor space, lighting and heating furnished the artillery unit during 
the past year was as good as any, but the present building is to be, and 
should be torn down. Another will have to be provided at once to house 
the equipment and give class room space by next fall. 


VII. THE BUDGET. 


During the past year the college spent about $3,630.00 on the upkeep 
of the Military Department for salary for Janitor and Armorer, repairs 
to building and minor equipment and for the band; $665.00 was spent 
on the band. During the same period the War Department spent $67,- 
270.54 for salaries for personnel, feed and upkeep of horses and repairs 
and upkeep of equipment and uniforms for the students. 

The college budget was inadequate. A stenographer’s salary should 
be included in next year’s budget as one is badly needed. 


VIII. Activities. 


A. Rifle Club. Membership in the club was about 400, including 
men and women students. Cups were awarded to winning teams and 
medals to team members and high score winners. The girls classes did 
especially good work. Rifle matches were held with other colleges, win- 
ning the majority of the matches. 

B. Sponsors were elected this year as usual. 

C. The Rotary and Kiwanis held a rifle shoot under the super- 
vision of the Military Department in the Armory. 

D. A Military Ball was held in the gymnasium during the winter 
term under the supervision of the Cadet Officer’s Club. Every one was 
required to wear a uniform except guests of the officers club. The de- 
mand for tickets was so great that they had to be limited to 175. 

K. A field meet was held at the close of the spring term. Contests, 
partly military and partly athletic in character, of a nature that would 
be equal for all units. Interest ran high. 

F. Every Monday afternoon at 4:00 p. m. a parade or review was 
held for some distinguished person or organization. Parades or reviews 
were held for: The National Guard Officers, General Hale, Commanding 
6th Corps Area, Business men’s clubs of Lansing, Federation of women’s 
clubs, the Corps Sponsors and for the seniors who graduated in the 
R. O. T. C. Large crowds attended all parades. 

G. A Polo Association was formed by the cadet officers ; Cavalry horses 
are used. This organization will attract much attention in the future. 

H. A Horse Show was held on the college grounds May 30; it was 
a success from every point of view. The proceeds went to the band and 
Polo Association. Plans are being made to hold one every year. 


IX. RECOMMENDATIONS. 


It is recommended that a small amount of the thousands of dollars 
received from the Federal Government by reason of the fact that this 
is a land grant college and giving military training, be spent on the 
military department so that this department can function with the same 
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efficiency as the military departments of other colleges and other depart- 
ments of the college. 
Respectfully submitted, 
T. L. SHERBURNE, 
Lieutenant Colonel, Cavalry, D. O. L. 
Professor of Military Science and Tactics. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


To the President :— 


Sir :—Following is a report of the Department of Meteorology for the | 
year ending June 30, 1923: 

The usual course in meteorology, as an elective for junior and senior 
agricultural students, was conducted during the spring term. Twelve 
students enrolled for this work. 

It is believed that meteorology should be a required subject for students 
in agriculture, especially for those specializing in horticulture. The 
weather is one of the most vital factors in fruit growing, not to mention 
its importance in general farming. 

Respectfully submitted, 
D. A. SEELEY, 
Instructor in Meteorology. 


METEOROLOGICAL TABLES 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JULY, 1922. 


Temperature. This month since 1863 
+ Percent- 
area | marae | Precipita- Character of age of 
Date. . tion in as ibl 
inches. y past c Mean Total 
Highest | Lowest Mean SIDS Year. | tempera- | precipita- 
ture. tion. 

a Sega ae 86 68 77 0 | Partly Cloudy.. 72 TSGS esac sees (saat cere 
rere oxe's aes 84 64 7 0 | Partly Cloudy.. 90 1864 14.5 1.25 
Diewete.t ie 70 51 60 0 | Partly Cloudy.. 797 1865 65.6 3.91 
1S ee 72 44 58 0) Clears oes - ties 100 1866 eh 4.19 
Decorate 3 78 46 62 Oni Clears ne cote 100 1867 71.6 1.78 
Bixee shes 85 56 70 0 | Partly Cloudy.. 74 1868 |. Me 1 bat | 
(ened 79 57 68 0.02 iCloudy. ei. 5 5 45 1869 70.4 5.77 
Batotais oi 80 55 68 0 | Partly Cloudy.. 55 1870 74.4 8.02 
Oe ieess 87 57 72 0 | Partly Cloudy... 88 1871 70.6 3.10 
OSS co 90 68 79 0.84 | Cloudy......... 57 1872 74.9 3.36 
1 este ae ee 80 66 73 0.74 | Cloudy... <<... 29 1873 70.8 5.12 
iD 82 59 70 0132) :Cloudy::.. Sc.. 38 1874 72.0 2.56 
ira nc: 79 56 68 On) 'Clearan 2 Ses-5) 80 1875 69.7 2.42 
1 Sa eee 82 52 67 OS Clear se aoe. 100 1876 TD 2.10 
115 alana 83 55 69 Oni@lean! Sesser 100 1877 71.4 2.25 
TG EO Seen 88 60 74 Opsw RC long rer sa 40 1878 73.0 2.96 
iV Cage 82 62 72 Os02 il Cloudye. soe, 41 1879 74.0 2.19 
1) chee 77 58 68 0 | Partly Cloudy.. 89 1880 68.0 6.27 
A ene 78 54 66 Oe Clenri e520. 97 1881 73.1 1.81 
D1) eee meng 81 53 67 OP Gilearsae re: 97 1882 67.5 2.32 
ie eee ees 83 57 70 0 | Partly Cloudy.. 75 1883 68.9 1.27 
PY Aer eer 85 63 74 0.03 | Partly Cloudy.. 28 1884 68.0 12.60 
he ae 85 67 76 0 | Partly Cloudy.. 54 1885 72.7 2.52 
He aaa 80 55 68 0} Cloudy......... 68 1886 70.7 0.65 
bli ee ena 82 51 66 Oni@lnarss tees 91 1887 doe 1.50 
Os Seria 82 62 72 0 | Partly Cloudy... 41 1888 70.5 2.40 
2 eee nee 86 63 74 0 | Partly Cloudy... 63 1889 70.2 3.41 
OL eae 85 60 72 0 | Partly Cloudy.. 79 1890 rest 0.92 
Oe varete ee 82 56 69 Osi@Cloudys--4-- . 94 1891 65.3 1.88 
33 igs See 83 56 70 T. | Partly Cloudy.. 82 1892 70.3 2.00 
5 ee 83 61 72 0.24 | Cloudy.......2.. 43 1893 71.5 1.86 
1894 73.2 0.86 
1895 70.5 1.47 
1896 71.8 6.73 
1897 73.8 8.49 
1898 70.0 1.34 
Mrsinshighontrtenperatiine serait shaper et tas otic cease meee Beeieare 81.9° 1899 69.8 2.11 
Meaniinwentireniperauliresst eines mck pec oot o nakiow cklnis oo notheae dace otras ieee 1900 69.6 4.15 
iviedrs temperature fOr Mon ils re scewcts oa aes ak wo hnayelavelsnata cle «le ioastardiaesin alors 69.8° 1901 74.2 5.08 
PEA MEE CID Ch OMI LOL IONE a ote ee atest memes tarsi ws aie ciaeice aa eee ee DOG 1902 70.6 tale: 
~ 1903 67.9 3.79 
1904 69.2 1.97 
1905 69.8 5.15 
WEATHER 1906 70.8 2.23 
1907 70.0 4.30 
1908 a2, 1.03 
INamber,dayaveloan rss scastek at eer eer mh cots beet, Pahoa cida Seimei coke 8 1909 70.0 2.56 
TREN CISA CoE Ge Ria aioe I oe nd pee Opa ee ee rene bate Ree hee 14 1910 71.0 iB} 
Cloudy Pea nate ear ence a cuedgea a: sheet a eee RAS Lee tn araie dale age acte@ ele Meee he ea’ 9 1911 lies 1.65 
Wath 6:0ltinch'or-moréor preetpitation sec. ch css ost. ee dene coed os. 8 1912 69.6 5.06 
1913 70.8 2.85 
1914 71.0 1.65 
1915 67.9 5.17 
SUNSHINE 1916 76.1 0.09 
1917 70.0 3.06 
1918 69 2 1.96 
1919 72.4 1.69 
iNimmben hours sunshine. eters aera ote Sth tn Os nl aacioein emo sae meee cis ee 331.4 1920 67.3 3.01 
IPOSSt ble: DOUPSISINSIINE aeere ete mt re eet soot me eae we NTR Scar ES aces 464.9 1921 77.0 2 61 
Pencentareiobe possible sisi savte vere cae tee one ee soto oeie eee 71 1922 69.8 2.57 
Normal 70.9 3.22 


BaRoMETER—Mean, 30.00 inches; highest, 30.34 inches, on 13th; lowest, 29.62 inches, on 7th. 

TEMPERATURE—Highest, 90° on 10th; lowest, 44°, on 4th; greatest daily range, 32° on 5th; least daily range, 14°, on 11th; 
normal temperature, 70.9°; departure, —1.1°; accumulated departure since January 1, +354°; average daily departure since 
January 1, +1.7°; highest in 37 years, 102°; lowest, 37°. 

_ PrecrPrraTion (in inches)—Total this month, 2.57; normal, 3.22; departure —0.65; since January 1, —1.68; greatest amount 
in 24 hours, 1.58, on 10th and 11th; total snowfall, 0.0 in. ; : 

Wixp—Prevailing direction, northwest; total movement, 3,258 miles; average hourly velocity, 4.4 miles. maximum velocity. 
22 miles per hour from southwest on 12th. 

Dares or—Auroras, 28-29; hail, 0; sleet, 0; fog, dense, 12; thunderstorms, 10, 11, 16, 17, 22, 31; halos, solar, 2, 6, 9, 29.; 
halos, lunar, 0; frost, killing, 0; heavy, 0; light, 4. - 

B. B. WHITTIER, Meteorologist, 


Temporarily in charge. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, AUGUST, 1922. 


Temperature. This month since 1863. 
+s Percent- 
D Precipita-! Character of age of 
ae eo da ossible 
inches. y- P ae Mean * Total 
Highest. | Lowest. Mean. SU Year. tempera- | precipita- 
ture. tion. 

1 es, ae 80 61 70 0.26 | Partly Cloudy... 51 LRGSS ee ees 3.00 
DAs ana 84 60 72 0.01 | Partly Cloudy.. 68 1864 70.7 0.39 
Cate cared 81 58 70 0.88 | Partly Cloudy... 65 1865 65.8 3.38 
Ale Reed 32 79 58 68 0 | Partly Cloudy... 53 1866 62.6 3.44 
Di Moco 82 54 68 0.02 | Partly Cloudy.. 69 1867 69.8 1.74 
(aap 78 60 69 008) Cloudy2- 7. =... 23 1868 70.3 2.42 
OR ge ee 85 59 72 0.04 | Partly Cloudy.. 56 1869 70.6 4.85 
Bann 72 49 60 0 | Partly Cloudy... 72 1870 70.1 4 53 
Qe ae treye 74 44 59 Oiitilesrn setenisc ca: 96 1871 tL 2 1.42 
LO eae eee o' 80 50 65 OnmGleane tS coe 92 1872 71.2 4.18 
Td, ate cette: 82 54 68 0 | Partly Cloudy.. 77 1873 69.5 0.80 
Us Beare 85 56 70 0 | Partly Cloudy... 69 1874 69.4 1.28 
DOS Sersanver 88 61 74 OS Gleareterite nae 96 1875 65.5 1.47 
ee 91 60 76 Os elo lear ee one 100 1876 71.6 1.28 
Lee ere 92 58 75 On| *Cleankqa.ce ee 91 1877 68.5 6.57 
UB i eesenore 94 62 78 On ClesnSepererereets 85 1878 70.2 1.85 
ROR eae 94 64 79 T. | Partly Cloudy.. 94 1879 70.0 1.61 
AS yee ae 88 64 76 0 | Partly Cloudy... 89 1880 68.6 6.02 
Osa miacrole 78 54 66 0 | Partly Cloudy... 88 1881 PAA 1.63 
Di Aes 77 53 65 ON) Glearae ara 99 1882 69.5 baa 
7 I ee 71 50 60 sEe | Clonidva sesee at 20 1883 64.9 0.18 
D2: ad sige 85 62 74 O10 (Clotidyen nace. 30 1884 66.9 1.30 
Dias eke notte 79 69 74 Os05 4 e@loudya es a.. 8s 7 1885 63.6 6.75 
pee 83 63 73 0.26 | Partly Cloudy... 46 1886 69.3 4.69 
Dok Rr vee 76 52 64 0.09 | Partly Cloudy.. 71 1887 68.0 0.89 
Dba ee 73 49 61 0 | Partly Cloudy.. 65 1888 67.6 1.87 
Di idee ohejate 76 50 63 0 | Partly Cloudy.. 81 1889 68.6 0.68 
POE oes 80 51 66 T. | Partly Cloudy.. 87 1890 65.4 3.60 
PA ae 75 56 66 0.63 | Partly Cloudy... 36 1891 67.9 4.82 
Oise cvetete 78 52 65 Olean’. vatsiccuss 98 1892 68.3 5.12 
OLA Ss ae 81 53 67 On Clear: See 98 1893 68.1 0.56 
1894 68.8 0.00 
- 1895 Tle 4.64 
1896 70.0 4.73 
1897 65.9 1.69 
1898 69.0 2ie8 
Mean hhigheStytemperatire.....:.2e. eicerict score oo eee Siese 1899 71.4 0.70 
Meantlowest temperatitiress..o. <2 ts tent e ee. cee ea ne oe nee ae 5oeoe 1900 fons 2.98 
Mean temperature for month.................. SS ttc). Ee ae ERC 68 .8° 1901 68.4 2.49 
Wotaliprecipitation. for month. 1a eee ne eee eee nen ee oe ees 2.42 1902 64.2 0.68 
1903 64.3 6.73 
1904 65.9 3.26 
1905 69.6 3.92 
WEATHER 1906 fern) 4.35 
1907 65.5 2.87 
1908 68 4 3.99 
Numiber:da vate lear > ce% frcgesk hay. orl testes eer roe eae 9 1909 71.0 1.61 
Partlivge Ouchy atce so eas oc RR Ee Oe Me ete et ee ot eee 18 1910 68 2 1.76 
Cl opid yom Reset Ok 0 ney pote on Sooee Sete hen IRE eee Ie ate Coane 4 1911 68.2 1.48 
With 0.01 inch or more of precipitation...................0-ecceesceeeee 11 1912 65.7 2.19 
1913 69.4 5.60 
1914 68.9 °3.38 
1915 63.4 4 63 
SUNSHINE 1916 71.0 1.58 
1917 67.0 1.47 
1918 W222 1.44 
1919 67.3 4.08 
Number ‘hours sunshine! c).270 As.1e- eee ee ne ee eee 302.1. 1920 67.9 2.00 
‘Possible chours ‘sunshine :-<ca4: 2. copra ea eee Ce a eee 430.7 1921 68 6 5.18 
Percentage: ofspossible. 2 sccesos ote eee ee ene 70 1922 68.8 2.42 
- Ee Normal 68.4 2.63 


BaromMeTeR—Mean, 30.00 inches; highest, 30.27 inches, on 14th; lowest, 29.52 inches, on 25th. 

Tempera TURE—Highest, 94°, on 16th; lowest, 44° ,on 9th; greatest daily range, 34°, on 15th; least daily range, 10°, on 23rd; 
normal temperature, 68.4°; departure, +0.4°; accumulated departure since January 1, +368°; average daily departure since 
January 1, +1.5°; highest in 37 years, 102°; lowest, 32°. : 

PRECIPITATION (in inches)—Total this month, 2.42; normal, 2.63; departure, —0.21; since January Ist, —1.89; greatest amount 
in 24 hours, 0.88, on 3rd; total snowfall, 0.0 in. ; : ‘ 

Winp—Prevailing direction, northwest; total movement, 2,630 miles; average hourly velocity, 3.5 miles; maximum velocity, 
19 miles per hour from north, on 3rd. 

Dates or—Auroras, 0; hail, 3; sleet, 0; fog, dense, 1; Thunderstorms, 1, 2, 3, 5, 6, 7, 16, 17, 22, 24, 25, 29; halos, solar, 21, 24; 
halos, lunar, 0; frost, killing, 0; heavy, 0; light, 4. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, SEPTEMBER, 1922 


Temperature. : This month since 1863. 
aa Percent- 
——_—_— Precipita- Spine 
Date. Huntin apres: of seat 
. inches. ay, ees e Mean Total 
Highest | Lowest Mean SEU Year. | tempera- | precipita- 
ture. tion. 
1 ee ance ape 84 58 71 0525 |" Cloudyens. 3.67 23 T8638 leven sere 3s 0.89 
Shes salar 89 69 79 0 | Partly Cloudy.. 60 1864 59.6 3.53 
Oe Snes 85 65 75 T. | Partly Cloudy... 47 1865 67.7 4.79 
il eee 86 60 73 0 (de Seen eee 7 1866 55.8 5.80 
Bhetaieebte « 91 63 77 Or iClear tay. see" 100 1867 56.6 1.42 
Gaon S: 93 68 80 T. | Partly Cloudy.. 92 1868 58.8 2.95 
ye Rete 88 68 78 Obie |e Cloudyase esse 33 1869 63.5 1.43 
Beece cis. 3% 94 67 80 On Cleanses tse 100 1870 63.7 2.85 
1 Seaaeae 83 68 76 0.065) Cloudy... ....: 31 1871 59.1 0.79 
ese See 73 55 64 0251s Clovidyecsce << 4 1872 62.0 5.21 
Bie hoes 69 50 60 0.26 | Partly Cloudy... 56 1873 67.4 3.50 
iS eee 70 47 58 0 | Partly Cloudy... 56 1874 62.8 TE 
iS eae 67 52 60 O47 Cloudy. ce ace.se 21 1875 58.5 2.89 
HA er rene 62 52 57 0.90 | Cloudy......... 2 1876 56.3 3.65 
LAist eee 72 52 62 0 | Partly Cloudy... 66 1877 61.3 1.38 
i See 65 43 54 0 | Partly Cloudy... 79 1878 63.2 3.41 
ie oe 65 38 52 0 | Partly Cloudy.. 69 1879 56.2 3.19 
Pie. conti 65 40 52 OOS MGloudyssse.% > ef 1880 55.8 3.10 
1 (eee 64 52 58 0:01 | Cloudy..-...... 5 1881 69.7 2.91 
0 | Partly Cloudy... 65 1882 59.9 0.67 
Qo @ learners 6 +, Fo 4 100 1883 56.4 2.34 
Geli @lear ir ccstc.c: 100 1884 65.1 3.34 
Oa Clearer esata 4 100 1885 58.9 Beh) 
OF Gleaner: 94 1886 62.1 5.40 
Ose G lene eas sa. ee 88 1887 58.9 4.72 
ORMClear rec ae 100 1888 57.8 1.89 
Onii@leareo. . oscc 100 1889 61.2 0.79 
QRinC heats dels cote 100 1890 57.7 1.67 
‘ Oe iGlearane sass 100 1891 65.1 1.10 
OuiiGlear =. cre. cack 100 1892 60.8 2.17 
ROLE pS al isecn SA oe pe pariceees ae 1893 58.4 1.84 
1894 63.7 2.59 
1895 66.6 0.85 
1896 57.6 6.73 
1897 62.9 0.80 
Byleanviic bent tenn peraguner nn av ioo} area. eae aero oe eenee cone ee WOulee 1898 63.3 3.00 
Mvlen IMA GRE LET DErabure cite choi ee teenie; eae oe Aes ae hak es 51292 1899 57.0 2.14 
Rreauetemperi ire sOnmoOnel ose eee iain dois aoe ce beens aktemorea nes cee 64.3° 1900 63.2 0.89 
SEO ie PLECIDH ARON OLMOMUNe ee erase ohio ha tacle a scare octane dewtclneity ndere 2932 1901 61.7 1.67 
a ' 1902 58.7 5.88 
: 1903 61.0 2.86 
1904 62.0 2.35 
WEATHER 1905 63.8 Seok 
1906 67.5 0.76 
1907 61.8 4.68 
Number days clear 13 1908 66.4 0.65 
Partly Cloudy. «cscs see's 9 1909 60.4 1.51 
(CLLR hoo bo - Be remain Sree mc ec re oreo e ete AES ey a a aA 8 1910 60.2 2.74 
With 0.01 inch or more of precipitation 9 1911 61.5 5.05 
1912 62.7 BEB 
1913 61.0 1.53 
1914 60.3 2.65 
SUNSHINE 1915 63 .2 6.55 
1916 60.4 PAE 
1917 58.6 4.60 
ANGLER NOits MUN sb Neng wae eek ones ae ts ry in ORE LR D, 249.9 1918 54.2 2.88 
ROSATO LE MOLES UNALINGH Gass ioc obese emi mere ee cl emttch reson ie rote s 374.8 1919 63.8 2.61 
PERCENPAE CLOG DOSS DIER) rin aaits cate ee ean Meise cS ea onto 67 1920 64.2 1.62 
1921 66.6 2.64 
1922 64.3 2.93 
Normal 61.6 2.62 


BaroMeTER—Mean, 30.12 inches, highest, 30.47 inches, on 17th; lowest, 29.81 inches, on 2nd. 

TEMPERATURE—Highest, 94°, on 8th; lowest, 36°, on 25th; greatest daily range, 41°, on 29th; least daily range, 10°, on 14th; 
normal temperature, 6.16°; departure, +2.7°; accumulated departure since January 1, +449°; average daily departure since 
January 1, +1.7°; highest in 37 years, 99°; lowest, 21°. 

_ Precrprration (in inches)—Total this month, 2.93; normal, 2.62; departure, +0.31; since January 1, —1.58; greatest amount 
in 24 hours, 1.37, on 13th and 14th; total snowfall, 0.0 in. 

Winp—Prevailing direction, southwest; total movement, 2,462 miles; average hourly velocity, 3.4 miles; maximum velocity, 
14 miles per hour from northwest on 24th. 

_Dates or—Auroras, 16; hail, 0; sleet, 0; fog, dense, 14; thunderstorms, 1, 6, 7, 9, 10; halos, solar, 17; halos, lunar, 0; frost, 
killing, 0; heavy, 25, 26; light, 27. 
DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, OCTOBER, 1922 


Temperature. This month since 1863. 
oer Percent- 
Tate P Pee iss Character of age of 
inches. day. coat Mean Total 
Highest. | Lowest. Mean. HERTS, Year. fempera- | precipita- 
ture. tion. 

Le eresete eee 68 54 61 O:O7a)) Cloudye. =e n-e 21 Uebel ence Sie 1.04 
Da cree 86 59 72 Os Cledrsiers sate oe: 100 1864 45.7 1.86 
Boa rae fe 85 55 70 0 | Partly Cloudy... 88 1865 46.5 2.76 
Bi Reet. wis avs ° 85 55 70 0 | Partly Cloudy... 81 1866 49.5 3.57 
aoe eee 87 60 74 0 | Partly Cloudy... 84 1867 50.6 PA | 
Ge eternce 70 55 62 0.01 | Partly Cloudy... 37 1868 45.2 1.11 
That manetee 60 48 54 I3(e| Cloudy2.< 2...) 0 1869 40.8 1.72 
gene 49 43 46 T. | Cloudy 0 1870 52.5 2.29 
eee 61 43 52 Ohl; Glondyeese.s2. 19 1871 53.9 1.43 
De Se ete 57 48 52 0.45 | Cloudy......... 0 1872 47.4 0.67 
fi eae 60 39 50 0.09 | Cloudy 21 1873 44.7 1.91 
1S Be 46 28 37 HDs | Gloudvarss cue. 18 1874 49.1 0.49 
Se See ae eae 55 28 42 0 | Partly Cloudy... 79 1875 42.9 5.81 
een 69 45 57 0.16 | Partly Cloudy... 78 1876 43.7 1.26 
Di hine oa. 60 45 52 OO") Cloudy: ko. 15 1877 50.8 5.69 
UGS tone 65 45 55 0 | Partly Cloudy... 57 1878 48.3 1.99 
lh pepasee 47 39 43 De Clongyer = asses 4 1879 57.3 157 
Bion hoes. 49 29 39 Onl: Clear: eee ence: 79 1880 46.2 2.84 
Oe ae 61 27 44 On Olearwr > 99 1881 52.5 5.56 
DOsee etree 54 25 40 OF Clears aA 100 1882 Dlat 2.64 
Leer ers) es 69 34 52 OF EG@lear serene ea: 100 1883 46.2 3.66 
BENS Ss tees 70 43 56 0.04 | Partly Cloudy... 78 1884 50.9 5.73 
Opie eae 50 37 44 OEISE Elon yecesceiee 13: 4S 1885) 45.0 3.08 
DAN eee esto. 58 33 46 Onie@loudyees ces: 16 1886 52.4 0.95 
De tale 60 36 48 0 | Partly Cloudy.. 58 1887 45.0 1.86 
UB 46 34 40 0 | Partly Cloudy... 45 1888 45.7 3.00 
Dy eae B 66 34 50 ON Clear san ston 92 1889 44.2 0.65 
DServe eee 57 39 48 0 | Partly Cloudy... 79 1890 49.1 4.56 
Ae Seka ea 70 38 54 OU Glear secs. 100 1891 48.8 0.82 
Ot act 60 35 48 Ole airs Bete ne et ces 100 1892 48.3 0.78 
Gi be ipoeneerers 60 35 48 0 | Partly Cloudy.. 66 1893 49.7 3.61 
1894 49 8 1.91 
— — — 1895 45.0 1.41 
1896 44 6 1.06 
1897 Bat eA 
Meanthigheststemperatire ses .csice sec ce tes cee eee ee eeeione 62.6° 1898 49 6 3.55 
Meanilowest,temipera tune. o-2- Vs scen) seins oc ca ree Me oie beens 409° 1899 53.2 2.68 
Meanctemperaturedor month: .2et\ceece ashen eisai ae bitoni ae DLS 1900 56.6 PLT 
shotaluprecipitarion stor MiOnul=< ccaeronerossote cies oe eee ee en Re ee 2.48 1901 49 6 4.61 
1902 49 6 158 
1903 51.0 2.01 
. 1904 48 6 1.90 
WEATHER 1905 50.9 det 
1906 49 2 2.36 
1907 46.0 2.22 
Nimberidavaclear sphedisscons tee eet are car elon shee eee eee 8 1908 51.6 0.82 
Rar tl vse louver stent cote: seercics core chemise: ateicee Fre eh ane 12 1909 46.2 0.71 
OI Gases rs ect Sains Sone i astra a af Depemit vy be'= Reicha ee ee AEE EL Ro ASF 11 1910 51.8 Deen 
With 0.01 inch or more of precipitation................00..00.c0e eee cues 9 1911 48.0 5.00 
1912 50.4 3.44 
1913 50.2 3.30 
1914 54.6 2.81 
SUNSHINE 1915 aie f 0.70 
1916 49.7 2.53 
1917 41.2 3.44 
Nim ber hours sunSshinersy ever seem aces moore co See id more tecineen ate 189.5 1918 52.6 3.21 
Hoserb leshotesrsinshines.cisticscrcc sere amen etter ok ancora aha raters 341.9 1919 53.3 2.90 
RET CENLAS OL POSSI DIG: Satsass eiscnc oh acre eS eae Sia ares a nae Chace 55 1920 57.8 1.37 
1921 50.5 2.85 
1922 51.8 2.48 
Normal 49.0 2.23 


BAROMETER—Mean, 30.01 inches; highest, 30:41 inches, on 13th; lowest, 29.56 inches, on 11th. ; 

TrMPERATURE—Highest, 87°, on 5th; lowest, 25°, on 20th; greatest daily range, 35°, on 21st; least daily range, 6° on 8th; 
normal temperature, 49.0°; departure, +2.8°; accumulated departure since January 1, +535°; average daily departure since 
January 1, +1.8°; highest in 37 years, 90°; lowest, 10°. : 

PRECIPITATION (in inches)—Total this month, 2.48; normal, 2.28; departure, +-0.25; since January 1, —1.33; greatest amount 
in 24 hours, 1.38, on 6th and 7th; total snowfall, T. in. : % 

Winp—Prevailing direction, southwest; total movement, 3,827 miles; average hourly velocity, 5.1 miles; maximum velocity, 
23 miles per hour, from northwest on 23rd. 

Dates or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 31; thunderstorms, 1; halos, solar, 3, 5, 13, 22, 24, 25, 29, 31; halos, lunar, 
3, 28, 31: frost, killing, 13.; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, NOVEMBER, 1922 


Temperature. This month since 1863 
ane 5 Percent- 
Dat Pee Character of age of 
aS inches. day teste Mean Total 
Highest Lowest Mean Year. tempera- | precipita- 


ture. tion. 


| Fre Re 60 36 48 0214. "@loudy*.32-:...- 38 T863e so 3 ew 0.40 
ee 55 50 52 0.54) Cloudy. -.2..... 0 1864 37.9 4.12 
Os eee ele 57 51 54 0) }*Cloudys. 52-5: 0 1865 38.6 0.68 
a ee 55 46 50 One Clondys4. 0-5-5 0 1866 87.9 2.60 
Deets, «cs 62 42 52 One Cloudy <=. 67 1867 40.4 1.77 
Graves. 59 47 53 0 | Partly Cloudy.. 73 1868 36.8 2.44 
teat k. 51 39 45 T. | Partly Clcudy.. 52 1869 32.1 1.93 
ee sc: 49 38 44 0.08 | Cloudy......... 23 1870 38.4 0.91 
etre; i: 45 30 38 0 | Partly Cloudy.. 48 1871 32.0 1.25 
LO 6 ce 53 28 40 0 | Partly Cloudy.. 70 1872 29.8 0.98 
Plata st 58 43 50 OOP Cloudy 22h «i 2 1873 28 .5 2.08 
Lie crys = 51 37 44 Op22rClondye ase 0 1874 35.0 1.61 
US Ses 48 37 42 0.05 | Cloudy 2 1875 33.0 1.11 
1 as Seas 56 38 47 O:135|2Cloudysc.2 SS: 0 1876 36.3 0.91 
1S Ae Ghee 40 33 36 0} Cloudy... >. 2... 0 1877 pier? 3.67 
nipen rt <2 49 32 40 OriGleane mee toe 96 1878 36.3 2.16 
Wipete or 53 35 44 0.03 | Partly Cloudy 93 1879 38 .2 4.55 
AB ts sche 49 40 44 0.10 loudyiew seen o 5 1880 PH (a5) 2.32 
ite 48 36 42 OLO2 FH Clotidyses: 5G: 5 1881 38 .2 4.09 
DO ee 37 31 34 0.02 | Cloudy.... 0 1882 36.3 1.83 
er tcdt 36 25 30 0.11 | Cloudy.... 5 1883 38.1 3.98 
Pa ee ope 35 29 32 To lCloudys. ene. 0 1884 34.1 1.84 
DE hea aes 50 33 42 0 | Partly Cloudy.. 72 1885 37.2 2.90 
TE ok 34 24 29 Toit Clotdyse¢é-c. 23 1886 33.9 1.48 
epee 3) so 29 24 26 DieClondyis.. seen 0 1887 35.7 2.28 
Vi enee 30 24 27 0.15 | Cloudy.:....... 1 1888 38.5 3.12 
Dlr oe feat 35 22 28 0.01 | Cloudy 12 1889 37.4 2.67 
Vo 32 21 26 0 | Cloudy 31 1890 39.1 2.30 
pi ae tae ees 42 25 34 Oi Glear=-= 90 1891 34.0 3.34 
C1 ean 56 32 44 0.01} Cloudy......... 0 1892 34.2 1.84 
heen Roa arce | eta ere CRS AEN Sth coarar cs Salk Reorasonors basal Meno closes eee eal See ee ome 1893 35.6 2.19 
1894 32.5 0.97 

1895 35.4 3.87 

1896 37.1 1.05 

1897 36.5 2.94 

Mean HighestapempenaulEeritee renin ec hsteeecees Saree Soe Sed eed oe ee 47.1° 1898 Shit DAY 4 
Meany lowestsLamineratiresers rien = co otek ns Lo nena eee eee 34.3° 1899 39.7 1.72 
Meatutenperaiine TOMO soa eee. ee eee sae en ae eae 40.7° 1900 Biles} 5.10 
otal preonmiapont0r MOUbW sess ees ck mes ates Coke Stash g Seka ben 1.79 1901 32.8 perl 
1902 43.0 2.46 

1903 34.0 1.45 

1904 40.0 0.04 

WEATHER 1905 35.8 2.25 

1906 37.0 2.66 

1907 36.0 1.83 

INUrEpendavRiclean cates vnc re Ath mice eee Oh fered otras oe ee hee y 1908 38.2 1.82 
panthcloudyae eect saree Tee ree hake Rae kA one 6 1909 44.5 3.74 
CONE ate teeter aw ayaa oth hn Stee etre wa Stra ee 2 22 1910 34.0 1.37 
With 0.01 inch or more of precipitation.....2.........2...1.-<sc+ess-ee-s 16 1911 33.8 3.40 
1912 38.6 2.86 

1913 41.7 2.38 

SUNSHINE 1914 37.6 1.40 

1915 39.8 22a 

1916 38.8 1.68 

1917 35.8 0.82 

IN til beni omrsisunshinieceeste sie esi tek eee eke Raton ten st ower 79.0 1918 40.4 3.22 
POnsi Dlesiotina SUpBAME Es eerie ao See. aed oe here oem es tn ei 292.1 1919 uot 2.44 
Pencan tare Om nossibleses starts sa nen Sm ae RRP Reece Le 27 1920 36.6 2.29 
1921 35.2 4.06 

1922 40.7 1.79 

Normal 36.8 2.41 


BaroMsTeR—Mean, 30.07 inches; highest, 30.49 inches, on 12th; lowest, 29.52 inches, on 27th. 

TEMPERATURE—Highest, 62°, on 5th; lowest, 21°, on 23th; greatest daily range, 25° on 10th; least daily range, 5°, on 25th; 
normal temperature, 36.8°; departure, +3.9°; accumulated departure since January 1, +648°; average daily departure since 
January 1, +1.9°; highest in 37 years, 72°; lowest, 0°. 

PreciPiraTIon (in inches)—Total this month, 1.79; normal, 2.41; departure, —0.62; since January 1, —1.95; greatest amount 
in 24 hours, 0.67, on Ist and 2nd; total snowfall, 3.5 in. 

Winp—Prevailing direction, southwest; total movement, 5,273 miles; average hourly velocity, 7.3 miles; maximum velocity, 23 
miles per hour, from northwest on 23rd. 

Dates or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 0; Thunderstorms, 5; halos, solar, 1, 5; halos, lunar, 10; frost, killing, 0; 


heavy, 0; light, 0. 5 
DEWEY A, SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, DECEMBER, 1922 
Temperature. This month since 1863. 
Precipita- Character of wae 
Date tion in da ? Baaibl 
inches. y- P Bac Mean Total 
Highest. | Lowest. Mean. SBS Year. tempera- | precipita- 
ture. tion. 

Gh aeerres 57 25 41 Oal6 nlcClearh-pess 97 URG3a Geee eee chat oer (| 
Diy aan cutee 42 22 32 016 3 Clear cies 22.55: 87 1864 24.4 3.20 
Bes shaver’ aise 50 28 39 0 |: Clear. . 100 1865 26.7 1.43 
LE oan 41 26 34 0:29) |Cloudyageees «=. 0 1866 25eD 1.90 
Bytw, ter caste 39 18 28 T. | Partly Cloudy 74 1867 25.3 1.34 
(Gee seen 26 14 20 ON Cloudyercsgse 10 1868 21.2 1.35 
a se tees 36 25 30 001 | ‘Cloudy. +... 5... 0 1869 S822 Pa iit 
Ricenieece 51 17 34 Osta iGloudiaee cen 20 1870 24.8 Dati il 
O Ba eae 27 14 20 T. | Partly Cloudy... 84 1871 PAR SIL 1.76 
LOS Rae. 34 11 22 ONS Clear? east ax 100 1872 EVE TE 1.06 
ile = ee 40 25 32 Oa Cloudy 5.-e52- 0 1873 29.5 3.02 
i Pees 2 36 9 22 02026) Cloudy.22eers 25 1874 27.0 0.37 
Seepee er 20 10 15 (O10 ahyCloudy see weeen 8 1875 31.6 2.80 
a ae 21 16 18 OLA Cloudy ss... 7211 1876 15.2 1.29 
aM es ore as 21 7 12 T. jG@loudy 4:55.22: 22 1877 36.6 1.03 
eee 27 2 14 0 | Partly Cloudy... 76 1878 21.3 2 2 
WM ertoke cae 27 7 17 0:02. | (Gloudy s,s. 22 1879 27:5 Pes) 
1 eee 11 2 6 T. | Partly Cloudy.. 44 1880 Dal 0.85 
1) eer 19 6 12 ealnGloudysn.20c5% 24 1881 34.3 stp 
20 Bens: 35 19 27 Pe Glowd yee chee 34 1882 24.8 0.88 
A a ee 29 23 26 0 | Cloudy*.: =..-:... 23 1883 26.4 1.28 
eS ae 38 26 32 0.01 | Partly Cloudy... 42 1884 24.7 4.15 
Dai errs 36 29 32 T. | Cloudy 4 3 1885 27.8 2.14 
DY Saree 34 31 32 Re Wek i toy ce Ayie Ginn Jerar 0 1886 19.7 1.56 
Waa Nea 37 31 34 Oy k@loudyakeecne.- 20 1887 PAlEES 3.32 
D6e poses 42 27 34 0 | Partly Cloudy 61 1888 30.4 1.20 
Dineetaa cL: 32 25 28 0. |. Cloudy :....:... 0 1889 36.8 2.61 
Oh ee eee 29 20 24 et WC lotidyast, ssm<ters 0 1890 26.4 1.12 
Pah ae 27 14 20 Meent| Wloudiyareer res a 4 1891 34.6 1.47 
{DS Sear 37 23 30 OdGloudyasce =. 11 1892 25.6 ieSy 
Blea fen 41 30 36 008°) Cloudy............ 0 1893 27.6 2.28 
1894 30.1 0.93 
1895 28.5 5.39 
1896 28.1 0.80 
1897 25.6 2.02 
Mean thizhesfxbemperatyress jes <a ..s ele dexiiie aie telsicteceiie ethereal tteias mercer 33 .6° 1898 24.8 1.42 
Mean ‘lowest temperature se akc srr. nce ne Ono a arco tiaetaieko mya ore osemererete Ristere 18.7° 1899 25.0 1.51 
Mean temperatiire dormonuihe: . cecen. Sele sioeises anh eiet barton eee = 26 .2° 1900 26.7 0.50 
Motal precipibavlOw LOL, MONG Vs . os eee apes el ecesee lesa obo ero eee eiewe em seperate teeta 1.03 1901 21.6 3.00 
1902 24.8 2.89 
1903 19.7 1.75 
1904 Pale 1.42 
WEATHER 1905 30.2 2.54 
1906 26.8 1.85 
1907 pay 4.19 
Number:daye @ lear sae cuatc ss ois canoe actheersete ates eat oe Sec loa eee ts 4 1908 26.4 2.08 
Partlyuclotdy ss wl trepiherceieaeres ots Ohms erator ac ratiaswbene sete onete Commins marcia eebelsas 6 1909 23.0 2.91 
COU Toya Ta hime ate EG, Se AUR ee ete lee DOM AEE ER RS ae nc eC ee ein 21 1910 21.6 1.28 
With 0.01 inch or more of precipitation........,........--.00eeFeecanees 10 1911 Sia 1.58 
; 1912 31.0 1.20 
1913 31.8 | 0.55 
SUNSHINE 1914 21.6 1.57 
1915 24.8 1.01 
1916 22.7 2.11 
1917 19.1 0.74 
Number hoursisunshine .», ecient’ hak ees ede rercle eee eae eel telnet 92.2 1918 32.9 3.61 
Possibledhours sunshine. Mouse ace «<crdeerahae vee ae eae ee ee Bet ar Re 280.8 1919 19.4 0.86 
Percentage of possible: fer. sce cies tet eae Mine ten aera wemea ecole 33 1920 30.6 3.94 
1921 28 4 3.54 
1922 26.2 1 03 
Normal 26.8 2.08 


BaromeTer—Mean, 30.08 inches; highest, 30.59 inches, on 6th; lowest, 29.55 inches, on 8th. 

TrempPERATURE—Highest, 57°, on Ist; lowest, 2°, on 18th; greatest daily range, 34°, on 8th.; least daily range, 3°, on 24th; 
normal temperature, 26.8°; departure, —9.6°; accumulated departure since January 1, +621°; average daily departure since 
January 1, +1.7°; highest in 37 years, 62°; lowest, —24°. 

PreciprraTion (in inches) —Total this month, 1.03; normal, 2.08; departure, —1.05; since January 1, —3.00; greatest am-unt 
in 24 hours, 0.29, on 4th; total snowfall, 4.3 in. 

Winp—Preyailing direction, west; total movement, 5,499 miles; average hourly velocity, 7.4 miles; maximum velocity, 24 
miles per hour, from west, on 12th. 

Dares or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 7, 26; thunderstorms, 0; halos, solar, 16, 20, 26, 30; halos, lunar, 26, 30; 
frost, killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JANUARY, 1923. 


Temperature. This month since 1863 
. Percent- 
Precipita- . ‘ ¥ 
Date. tion in C hare ter of pen 
inches. Be. ye she Mean Total 
Highest Lowest Mean : Runs Year. tempera- | precipita- 
ture. tion. 

| |e oy ae 30 25 28 T. | Cloudy 0 TBHSG Ee eS areae Pees. eee 
Lie 33 22 28 0.01} Cloudy........ 3 1864 22.0 0.94 
ite ieee: 33 13 23 0.09 | Cloudy 0 1865 21.1 0 65 
Ce on 30 14 22 0.03 | Cloudy 8 1866 22 2.03 
bytectac 2 31 22 26 T. | Cloudy 0 1867 17 6 1 68 
(sll Gee ees 22 6 14 OUOSE Clear ees ae. or 85 1868 19.0 1 47 
(eget 26 11 18 0.01 | Cloudy 0 1869 29.4 0.87 
eRe 30 22 26 0.24 | Cloudy 0 1870 25.4 1.93 
Matter: ts. 32 26 29 0.10 | Cloudy 2 1871 24.8 3.95 
Nike See 26 3 14 T. | Cloudy 22 1872 21.6 0 42 
i || ek Reaieanegs 28 3 16 0 02 | Cloudy. 2 1873 15.9 2.98 
je eee 28 16 22 0.02 | Cloudy.... 8 1874 PL RAC Bhan 
1S eae 30 13 22 0.08 | Partly Cloudy.. 70 1875 12.9 1 81 
Lc ei pears 38 28 33 0330) |" Cloudy... -.:.. - 0 1876 30 2 1.63 
LG eee 37 24 30 Ten @louayees. cal 23 1877 18.1 1.33 
1 eae 24 0 12 0:02) ECloudy.>.-.... 24 1878 29.1 1.12 
With nersrct. 2 31 -5 13 0 | Cloudy 14 1879 19 2 0.49 
Take oS 43 20 32 0 | Partly Cloudy.. 36 1880 Biia! 2.67 
LO Re Os poner 24 13 18 0.19 | Cloudy..... ‘ 29 1881. 120 2.27 
P| eS 43 21 32 0 | Cloudy. 29 1882 24 9 1.47 
PA 3 planes 28 20 24 0 | Partly Cloudy.. 71 1883 14.4 1.53 
Ls ee 25 - 16 0.02 | Partly Cloudy... 75 1884 155 1.23 
2 eee 29 6 18 0 | Partly Cloudy... 100 1885 15 3 2.70 
72: Sate aes 34 28 31 0:23") Cloudy. . =... 6 1886 18.8 2 66 
ps ae 28 16 22 OrOet Cloudy (=o 4. ses 47 1887 18.2 Seo 
7 Pee oc 40 22 31 0 | Partly Cloudy.. 36 1888 15 4 2.18 
UA es ee 26 22 24 0.01 | Cloudy.....:. 0 1889 28.0 1.53 
ee 30 24 27 0.01 | Cloudy..... 0 1890 31.5 2.31 
7 32 18 25 0 | Partly Cloudy.. 57 1891 26.7 0.82 
AU te 32 14 23 0.08 | Partly Cloudy.. 78 1892 19 2 0.96 
ae eee 37 30 34 0.09 | Cloudy........ 0 1893 14.8 1.78 
1894 26.9 Lot 
1895 fies 1 04 
1896 24 6 0.79 
1897 22.3 4.17 
MACA ne neR SreIDeLAiIte tees Ok Ses ens ie ohh se beeh B ct Sac cc s1n0e 1898 24.9 3.07 
Meanbowmeststempernpit Gace sce se cam saiie ke tern, teers ua nas o—- 6e3> 1899 PAL EE 2.03 
PvipAnntere peri ine OnaNONt He tac Pee Ree aes hee fie Rae ee ep Te Bee oa ite 1900 25.6 1EL7 
otaliprecipraulouforaMnOuplyies.n teeter. seni ae ee eae. nak ee 1 65 1901 Dee 2, TEBE 
- 1902 20.5 0.43 
1903 20.7 1.20 
1904 14.4 -2,.82 
1905 18.2 107 
WEATHER 1906 31.8 1.99 
1907 23 .2 3.97 
1908 23.8 1.89 
INSTT STE CLES OPS be ee, MES AEN tle inate ae ee a er 1 1909 26.6 2.16 
[ELT CIGNTG RG AGES ER rt Be ee a Ns Goat enh en ii ant rates © Rap Sel Sena yaa 8 1910 23.4 2252 
(GIT G Re acentie d Fie as Milne eaten eR ORNS Se ah ie a tae neler 22 1911 25 2 1.43 
With 0.01 inch or more of precipitation..................0.cs.eceecceces 20 1912 9.2 0.80 
1913 26 .2 3.10 
1914 27.0 2.98 
1915 20.4 1.54 
SUNSHINE 1916 27.6 3.11 
1917 21.0 1.55 
1918 10.2 2.08 
Nam ber honrs.simshine.=s..0."- sees notes rote eae RA Re Te 78.8 1919 28.5 0.36 
ROAM Hey HOUICSIRIBHINGP ores. aa hae eecra eee mene ULE eee 292.5 1920 1SEz 1.34 
IREEcentarerolpossiblewtsect en: = ticket aie eee ee See hve oon eek eae’ 27 1921 29.2 0.41 
1922 21.0 1.23 
1923 23.6 1.65 
Normal 22.7 2.09 


BaroMzeTeR—Mean, 30.05 inches; highest, 30.76 inches, on 23rd; lowest, 29.49 inches, on 11th. 

TEMPERATURE—Highest, 43°, on 20th; lowest, -5°, on 17th; greatest daily range, 36° on 17th; least daily range, 4° on 27th; 
normal temp., 22.7°; d2parture, +0.9°;accumulated departure since Jaruary 1, +30°; average daily departure since January 1, 
+0.9°; highest in 38 years, 63°; lowest, —26°. 

PreciPiraTIon (in inches)—Total this month, 1.65; normal, 2.09; departure, —0.44; since January Ist, —0.44; greatest amount 
in 24 hours, 0.38, on 13th and 14th; total snowfall, 16.3 inches. p i 

- Winp—Preyailing direction, northwest; total movement, 5,330 miles; average hourly velocity, 7.2 miles; maximum velocity, 
27 miles per hour from northwest on 14th. 

Dares or—Auroras, 0; hail, 0; sleet, 2, 14, 28, 30; fog, dense, 31; thunderstorms, 0; halos, solar, 6, 12, 13, 19, 20, 23, 25, 29; 
halos, lunar, 0; frost, killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, FEBRUARY, 1923. 


Temperature. This month since 1863. 
oes Percent- 
Dato eae Character of age of 
inches. day. eee Mean Total 
Highest. | Lowest. Mean. mS ee. Year. tempera- | precipita- 
ture. tion. 

1 [Pet 38 24 31 0.06 | Cloudy......... 0 1863: e326) os Pee 
Die 32 18 25 07037) Cloudys--30 0 1864 2753 0.27 
3 27 -3 12 ON045 | Cloudven uae. ce 22 1865 27.6 1.76 
Aber 11 -3 4 0.01 | Cloudy 48 1866 2257. 2.28 
line 18 =I 8 Obl Cleapiet A tos 100 1867 30.9 3378) 
Bro sh 16 11 14 0. 67-|hCloily asses. 0 1868 18.7 1.28 
thee 28 12 20 OL0Gn Clotdyeee car 10 1869 26.7 2.95 
SP act ea 38 15 26 0 | Partly Cloudy.. 60 1870 24.2 1.20 
9 iv 20 13 16 Of0sn2@loutlyes. canes: 29 1871 25.6 eB} 
10 28 9 18 0.01 | Partly Cloudy.. 72 1872 7 ts} 0 46 
Th ee 25 8 16 0 01 eaten sb 81 1873 19.1 0.77 
12 33 10 22 0.24 | Cloudy 8 1874 25.5 eth 
j Bop 30 15 22 0.12 | Cloudy 0 1875 8.0 2.20 
14.. ae 2 8 0.08 | Cloudy 52 1876 27.4 3.04 
1a: 12 0 6 ui eal nl Ci eae era 100 1877 32.3 0.00 
16.. 14 2 8 ON017) “Cloidyee 2 tee 39 1878 28.1 2.74 
Vee 12 —2 5 0.01 | Partly Cloudy.. 87 1879 20.4 1.43 
18.. 18 4 11 0.01 | Cloudy Ei Ss 21 1880 29.2 1 62 
19.. 26 i) 18 0 06 | Partly Cloudy.. 61 1881 21.6 eae 
DO-aoeeete 29 5 17 0106 Un Cléare so pcr oe 94 1882 35.1 2098 
ee 29 4 16 03024). Clondyen22. 3 o.. 7 1883 19 8 4 50 
LDR hehe sacs 26 13 20 0.01 | Partly Cloudy.. 66 1884 23.4 3.69 
7) a ae 16 0 8 Ob). Clear cc ane 100 1885 8.9 0.73 
DART ate 37 2 20 0.06 | Cloudy......... 4 1886 22.3 tyes 
Pere 40 17 28 0 | Partly Cloudy.. 76 1887 24.3 5.71 
DG ort 39 30 34 Os) Cloudy:..2..< == 5 1888 22.0 1.70 
V) ( See ae 34 26 30 Os Clovdyiccetee 47 1889 18 3 1.17 
De nee 36 24 30 0.01 | Cloudy......... 31 1890 31.5 1.79 
dee ane ERC IR ES (MEE Cad ota We oa ane | an ewan ete eal fare SRD Eres ee mete 1891 26.7 2.20 
BON ez erates | oh iaey eye ae EOS Seca Tees cise Te tas ieee co | ae Meeraaey eo ea eee De 1892 27.3 1.93 
5 1 Deane (SORE Rar te fai) tek at Io Ree Red ae de RMSE re | fe ate Ppt 1893 JES 1.83 
1894 21} 2 0.53 
1895 16.4 0.12 
1896 24.3 1.51 
1897 26.4 0.67 
1898 23.8 1.82 
Mearhighestutemperatiiregza: #2200 pack tie tno ee ee ne 26 0° 1899 16.8 1.51 
Meanilowestittemperatutesctes. oho Ree ee ae en ee et 9 4° 1900 17.4 3.44 
Meanitemmperature forsmontin,..:.<5 son ten Cree =e a Fo ee ee i fea ft 1901 12.8 1.83 
LoOpALprec piahonOrsMOUtliers,. seen oe Mckee eet ee tenon een eee 1.01 1902 18 6 0.44 
1903 20.6 1.58 
c 1904 12.0 3.30 
1905 15.8 1225 
WEATHER 1906 23 6 1.12 
1907 19.2 0.25 
1908 21.6 3.19 
Mumber! days cleat. 5 -Wsrtatess cn!) hoon son ens oe on oe 5 1909 28.4 2.36 
PALE TCIOUG VS tits ce cee arate Sites SG | eke 4 BS end ae ET Se 6 1910 21.9 2.65 
Oda heater oe VS rae,” ee ek ps ihe ae eecend = BES Gok (oy MAIR GeO SUE 17 1911 27.6 Leet 
With 0.01 inch or more of precipitation.............0. 00000002 cece eee ee 21 1912 15.8 2.04 
1913 20.0 1.65 
1914 12.7 0.79 
1915 29.4 2.10 
SUNSHINE 1916 19.2 0.69 
1917 1aep 0.62 
1918 21.8 3.04 
Naimbers hours SUNSMiIng heaven 2 ice ae momen ease eee te 129.0 1919 27.0 1.50 
‘Possible:hourseunshine®. 2222.2 206 cee oes: Sees eins hae arte 295 2 1920 19.8 0.81 
Percentare: Gi possible, .yoos. 2c cca Rae econ es 44 1921 28.3 1 
1922 26.0 0.97 
1923 17.7 1.01 
Normal 21.6 2.02 


BAROMETER—Mean, 30.14 inches; highest, 30.59 inches, on 23rd; lowest, 29.61 inches, on 12th. 
TEeMPERATURE—Hichest, 40°, on 25th; lowest, —3°, on 3rd; greatest daily range, 35°, on 24th; least daily range, 5°, on 6th; 
normal temperature, 21.6°; departure, —3.9°; accumulated departure since January 1, —82°; average daily departure since 
January 1, —1.4°; highest in 38 years, 62°; lowest, —25°. 
_ Precrprration (in inches)—Total this month, 1.01; normal, 2.02; departure, —1.01; since January 1st, —1.45; greatest amount 
in 24 hours, 0.24, on 12th; total snowfall, 11.0 inches. ; 
Winp—Prevailing direction, northwest; total movement, 4,803 miles; average hourly velocity, 7.1 miles; maximum velocity, 
29 miles per hour from northwest, on 14th. 
Dares or—Auroras, 0; hail, 0; sleet, 2, 12, 28; fog, dense, 26; thunderstorms, 0; halos, solar, 14, 19, 27; halos, lunar, 1, 25, 27; 


frost, killing, 0; heavy, 0; light, 0. 
DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MARCH, 1923. 


Temperature. This month since 1863 
Aa Percent- 
D Seen Precipita- Character of age of 
ate. tion in aa enna 
inches. y Leite Mean Total 
Highest Lowest Mean Year. tempera- | precipita- 
ture. tion. 
Ae cr 35 32 34 0: Cloudy... 35. 55: 25 ATRYN [2 Se ees Sorte RS are ee 
ea alt ri 56 34 45 OVP @lear ee cio as 98 1864 31.7 2.26 
5 een 53 36 44 0.25 | Partly Cloudy... 76 1865 37.0 2.79 
ae aera 48 26 37 OLL8s 2 Clondye sae. 0 1866 29.1 3.39 
Phere 33 19 26 T. | Partly Cloudy.. 94 1867 29.7 0.68 
(Eye er 32 26 29 0.09 | Cloudy......... 0 1868 37.8 4 65 
Mew sec s/3 30 21 26 0:02-| Cloudy......2.-- 48 1869 27.6 1 65 
[sae 30 14 22 T. | Partly Cloudy.. 70 1870 30.3 3.01 
WW eanerteect ay 42 22 32 0:26: | Cloudy... <<. 58 1871 38.2 3.91 
Oe yer 39 28 34 OROTR Olean tats ens: 100 1872 24.8 2.04 
{|i eee 45 28 36 0.08.) (Cloudy... 6 ..- =: 72 1873 28.3 re} 
| Ve Rr 43 24 34 0.95 | Cloudy..:....:: 1 1874 32.3 1.79 
1 Ris epee 27 15 21 0.05 | Cloudy: ..:..\.=: 40 1875 26.2 1.02 
i Fe 27 14 20 0:03)-| (Cloudy... 3:5. 2: 67 1876 30.6 4 84 
gece eS 2 44 24 34 Otdp" |) Cloudyee ess. 25 1877 |. 24.5 5.60 
1 epee 47 18 32 0.20 | Partly Cloudy.. 47 1878 40.9 sade 
Li ee eos 42 18 30 0 ‘lear ar 100 1879 33.2 1.57 
if eens 41 7 24 OMtPH Cloudy... 36 48 1880 35.5 1.70 
1 eee 16 -1 8 0802 | Clears. 2.131. 100 1881 30.3 2.66 
PL ge 39 7 23 T. | Partly Cloudy 53 1882 36.0 3.58 
0. i 49 34 42 O:\"Cloudy~. 2.22. = 93 1883 24.9 0.71 
OU Ng ne oa 2 53 39 46 0.19 | Cloudy. 11 1884 29.9 3.67 
PS Nia dee 39 28 34 Tel Cloudyietsoce . 2+ 0 1885 21.3 0.58 
TS pe aa 33 22 28 Clearn coax. 100 1886 31.3 2.63 
PP ses, ca 40 ll 26 0.03 | Cloudy 22 1887 28.3 1 78 
in rete 32 9 20 OU ly. Glearss 323-4t*. 100 1888 27.0 1.88 
7 = See 39 17 28 ee tet CLEAR Si goin cetele 86 1889 37.6 122, 
pA eee 18 7 12 T. | Partly Cloudy 79 1890 28 .2 1.54 
oy | ees 44 9 26 Av DUGV eas creak 38 1891 29.3 2.41 
SUN aes 30 6 18 0:02") Cloudy... 2... <- 57 1892 29.9 1.31 
Bleek: 21 4 12 0 | Partly Cloudy 97 1893 28.2 2.82 
1894 40.1 1.25 
1895 27.2 0.27 
1896 28.7 1.31 
1897 33.0 2.08 
Meariehiphest temperature srs eye imatsna sense eve seach eee a hk a dee ase 37.6° 1898 37.0 3.59 
SPANO WESTIN POrs LURE ere te 5-jax tater ects sto ciate cases ohooh aise oi caietamieee 19 3° 1899 26.3 3.30 
Mipan tempera Gune TOR MOOnt ie secrete noe cant renee sie cna ce oe orate on avers 28 .4° 1900 23.6 1.88 
otal precipita nan fOr MONbIbs tthe .cusys norte kes oon eed sermees 3.04 1901 31.1 2.94 
1902 38.0 3-16 
1903 41.0 1.25 
1904 30.2 3.45 
WEATHER 1905 35.4 3.15 
1906 26.2 1.86 
1907 38.6 2.84 
Npmber/daysvolean:.. ssecacuras) savas sies ti sc iad Sate: eS Gee TOC 7 1908 34.8 2.19 
Parily: cloudy. 202. nan: yt s Oa bek, Sheer Marae eae er daline ain ogee Ss prceis 7 1909 29.9 0.90 
(CALS ORG Ge can ROE IR ea TOE a nia ae oe a ree aaa 17 1910 44.0 0.40 
With OOliinch-or-more of precipitation; ss.-c.n«-accoe were veteaseecgeon ss 17 1911 Soe 1.21 
1912 22.4 1.92 
1913 31.0 3.76 
1914 Seal 1.52 
SUNSHINE 1915 30.1 0.78 
1916 26.2 3.09 
1917 34.6 2.88 
Number hours sunshine 216.4 1918 37.1 3.58 
Possible hours sunshine 370.5 1919 33.8 3.48 
REN CEN tHe Gt ODORS lesa taecache aici cineca oslo etclet sos cicittorene wate Miwrermasie neleeee atte 58 1920 35.2 3.50 
1921 40.4 3.34 
1922 35.4 3.69 
1923 28.4 3.04 
Normal 32.3 2.26 


BaRomMEeTeR—Mean, 29.99 inches; highest, 30.57 inches, on 31st; lowest, 28.96 inches, on 12th. ; 

TEMPERATURE—Hisghest, 56°, on 2nd; lowest, —1°, on 19th; greatest daily range, 35°, on 29th; least daily range, 3°, on Ist; 
normal temperature, 32.3°; departure, —3.9°; accumulated departure since January 1, —200°; average daily departure since 
January 1, —2.2°; highest in 38 years, 82°; lowest, —12°. ‘ 

PRECIPITATION (in inches)—Total this month, 3.04; normal, 2.26; departure, +0.78; since January 1st, —0.67; greatest amount 
in 24 hours, 0.98, on 11th and 12th; total snowfall, 12.7 inches. : ; : ? 

Winp—Preyailing direction, northwest; total movement, 6,899 miles; average hourly velocity, 9.3 miles; maximum velocity, 
34 miles per hour from southwest on 12th. 

Dates or—Auroras, 0; hail, 0; sleet, 12; fog, dense, 0; thunderstorms, 9, 16; halos, solar, 2, 3, 9, 11, 14, 15, 19, 21, 24, 25, 29; 
halos, lunar, 0; frost, killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, APRIL, 1923 


Temperature. This month since 1863. 
ae Percent- 
Tats Pree Character of age of 
2 inches. day. co Mean Total 
Highest. Lowest. Mean. SUSU Year. tempera- | precipita- 
ture. tion. 
i, ey eas 36 8 22 T. | Partly Cloudy... 90 AS63; ly 3.45 bolero een eee 
D ee) 64 36 50 0.06 | Partly Cloudy... 88 1864 45.9 3.80 
Biase aa 49 32 40 0.47 OUGY Se .arae one 0 1865 47.4 2.32 
7 Nee a 40 28 34 On Cloudy-ecce. se: 47 1866 48.9 1.40 
Dian eck 43 27 35 TN Cloudyaacoer cals 31 1867 48 .2 2.19 
Gieksn a teu 58 26 42 0%); ‘Clearmcs aiyere 100 1868 43.7 1.83 
ie shove cohen 60 33 46 0067!) Cloutiv-e.- +... 42 1869 45.7 3.42 
Seamer ce 49 22 36 0.01 | Partly Cloudy... 82 1870 50.4 2.02 
es Saar 40 21 30 0" (Cloudyzn.s.0-5. 85 1871 49 8 2.97 
= shale os 46 31 38 0.04 | Partly Cloudy... 55 1872 47.4 1.26 
US ao occ 46 24 35 0.15 | Partly Cloudy... 42 1873 43.2 3.88 
1 NEE ete eee 57 21 39 0 GATE says ashen 100 1874 36.9 1.67 
De tener ins 42 27 34 ON) Cloudys oe a... 65 1875 41.1 0 61 
1) ee Sock 44 27 36 0.09 | Cloudy......... 46 1876 44.2 2.08 
LD aecerens 39 31 35 OL Cloudys..5 5.5... 0 1877 46 2 4 14 
eas Ne 46 29 38 T. | Partly Cloudy.. 66 1878 50.6 3.76 
17 49 27 38 Os \S@learee you. 96 1879 44.8 1236 
TE Ne cde ts 65 35 50 OF | pClearie ye aes 100 1880 45 9 7 06 
19ers 76 37 56 On) Clear®. stoscncss 100 1881 45.6 1.73 
20 80 52 66 On Clear’ as ioen 100 1882 44 7 1.88 
Dlr en, Pe 74 50 62 0.35 | Cloudy 66 1883 43.5 1 90 
le acne ene 52 48 50 OO 7a" Clondyae sat 9 1884 43.7 1 95 
CEES oe 58 36 47 Oo@lears sess 100 1885 43.6 2.47 
Py ere ae 58 30 44 Ohl Clear es se 100 1886 50.2 1 99 
De ee 67 32 50 On|" Clear’ oe ancn ns 100 1887 45 4 0.90 
ORS ahs 71 35 53 0 | Partly Cloudy... 86 1888 44 0 pas 
Dal eae 73 46 60 0.09 | Partly Cloudy.. 61 1889 46.6 2.02 
Dre esc 64 39 52 0 | Partly Cloudy.. 84 1890 47.2 3.20 
Dias. tae, 60 33 46 Tle Cloudyeeceee-: 42 1891 47 4 1.74 
av Pntos 8 70 41 56 ON Clean a- eis 100 He 44.5 2 04 
LE Sa area | one een, |p os, Ol | Ae Aenea ORO GaN | eects veeas Ochhotol |atelnakd oso 893 43.5 4 81 
1894 48 4 2.76 
1895 48 6 0 67 
1896 52.6 217 
1897 44 6 2.74 
Meanthighestitemperatuneses.tec.> on). pine ceyae hice eiasslers ateieeta sieie etetaie eicrers eters bonUe 1898 43.6 212 
Mean lowestitempera tutors crc «... «srk aafalealecgjer aie in-car asin acolo mits apple 1899 49 8 LGR) 
Mean wdemperatiine tor MOnple sr). fey anpeleercie ciatel ochre eleanor ates eine 44 0° 1900 47.4 2.00 
Motalipreclpltapions LOL MOMGH «ata ch eracncarnyere Aas yaaa ceenchate acest en anne tel ne ranensterel 1.56 1901 46.4 2 16 
1902 44 6 ber 
1903 43.0 4 40 
1904 39.4 0.50 
WEATHER 1905 44 6 1.49 
1906 46.6 2.43 
1907 37.8 2.81 
Naim ber OAV sic leans Sian oie cherse aes eure eee Steere eres ots be tantra otanereteetters 10 1908 44 6 pea ti 
nay CLOUDY Has. screen at es re veal cheer ealn omen Les RAIA Piece y A a as : a 
OU: te tek rs sgn ois ac Raraninsts cial aakver oe Men wmia tones nasenp reer 

With'0.01 inch or more of precipitation... 2 ...-%0. 0.000 eses cere ss ees 11 1911 44 3 73 
1912 45 6 3.12 
1913 45.9 3.10 
1914 44.7 2.90 
SUNSHINE 1915 51.6 1.00 
1916 45.7 1.91 
: 1917 42 4 5.59 
Number hours sunshine. ....2...-...s.ccesssess ess RS vase nats Tease 280.5 1918 42.4 1.97 
Possible Ours SUNSHINE carer ai- Sloss baaetalare vets wiciciee tyateastasistetattetette -tbya ote oleyauetete 402.5 1919 44 8 4.13 
Percentage of possible. 6)-neuce tars clam oat eke ete rslole siete eLahel sneer rok aratate eter tet 70 re - : Hee 
19 5 0 
1922 46.8 3.75 
1923 44.0 1.56 
Normal 45.6 2.54 


Baromprer—Mean, 29.96 inches; highest, 30.58 inches, on Ist; lowest, 29.36 inches, on 7th. ; 

TpMPERATURE—Highest, 80° on 20th; lowest, 8°, on Ist; greatest daily range, 39° on 19th; least daily range, 4°, on 22nd; 
normal temperature, 45.6°; departure, —1.6°; accumulated departure since January 1, —249°; average daily departure since 
January 1, —2.1°; highest in 38 years, 88°; lowest, 8°. 

PReciIPITATION (in inches)—Total this month, 1.56; normal, 2.54; departure, —0.98; since January Ist, —1.65; greatest amount 
in 24 hours, 0.53, on 2nd and 3rd; total snowfall, 3.1 inches. 

Winp—Prevailing direction, northwest; total movement, 5,940 miles; average hourly velocity, 8.2 miles; Maximum velocity, 
25 miles per hour from west on 8th. 

Dares or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 0; thunderstorms, 21, 27; halos, solar, 2,4,5,9,18, 14, 17, 21, 26; halos, lunar, 


0; frost, killing, 8, 9; 12, 24; heavy, 25; light, 0. 
DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MAY, 1923 


Temperature. 

ae Percent- 

Date. “fionin’ | Character of | age of 
inches. ay aint M 
Highest Lowest Mean shee 
73 37 55 Ql, Clear- aca. tts 100 
70 38 54 Ol Clear ween nee 100 
70 39 57 0 | Partly Cloudy... 82 
73 40 56 0 | Partly Cloudy... 86 
65 38 52 0 | Cl 100 
70 36 53 0 100 
75 40 58 0.16 87 
60 34 47 0.23 37 
42 29 36 0.85 37 
59. 26 42 0 99 
69 43 56 0 56 
58 35 46 0.04 7 ot 
59 28 44 0 99 
64 42 53 0.13 81 
72 44 58 0.33 11 
57 39 48 1.45 0 
60 38 49 0 79 
69 34 52 0} Cl 96 
75 49 62 T. | Partly Cloudy... 78 
69 45 57 0.26 |.Cloudy......... 43 
58 40 49 0 | Partly Cloudy... 69 
65 38 52 Oe Cloudysecn.;: =: 100 
67 40 54 Ou Clearc2k 2s oss 100 
72 37 54 Ol Clear hee ee 100 
79 40 60 Ou) ¢ Clears Fee-5. 223% 97 
82 46 64 Os eClear Sea ee 97 
81 54 68 OL Cleats 77% cee 87 
82 47 64 (1) 9) PO Ces ee ae 100 
84 50 67 Obie Clear te 5.45.50 100 
77 47 62 One Clear. ai a5. aa 100 
84 46 65 Oh s@lbariie. ec scncc 100 
Mean hizhestaemperatirarsy sc -5 sents oo corte cision in Se neceetoninater's oo ees 69.2° 
Meant Gwent stemiperatlivessrsssse= at seh Rl flee ata oaoleioe aio oo as eee eae 40.0° 
Masnitempera une fOr MOn uy <..0 oe ee on close = claw orcas niko durs © a s,0 Soares 54.6° 
satel peril Cation cGrsmOnthec 25.2 tex esc. d<a'c cotterelatctomca cob aoe ohare arcs hore pial 3.45 

WEATHER 
IN SIUARICIEAL t= Meter we ee Are Aer Nat Noe Not aetiaseraciateiate ote eee 16 
Rarhivs cloud veut ree eee er aes Site noel eeieiees ic oe orne ree wae a 7 
(CIR Wehr d echo Ge Bases Bede S Bement eu ne Meme Mic ati aia ARR aera 8 
WithiO/0L imehsor moreiotiprecipitations....sijeeneee «cae cde ca oe oc seer 8 
SUNSHINE 

Number honrasnushine tar cic tyes eprtie cee hess oxtelomns ocse cine anieaie wee os 360 4 
IB.Gaal DIBVOOUES STIS DING! sates Posies ns Pemeest or artes castors sraetier nea ac’ Sie cittnas 454.7 
Por CON ge OP MORSI OE. veer sme oie See cere eerie Sols eeoee wales as 79 
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This month since 1863 


Year. 


1923 
Normal 


BaroMETER—Mean, 29.96 inches; highest, 30.39 inches, on 23rd; lowest, 29.33 inches, on 16th. 
TEMPERATURE—Highest, 80°, on 29th; lowest, 26°, on 10th; greatest daily range, 39°, on 25th; least daily range, 13°, on 9th 
normal temperature, 57.1°; departure, —2.5°; accumulated departure since January 1, —323°; average daily departure since 


January 1, —2.1°; highest in 38 years, 95°; lowest, 17°. 


Mean 


tempera- 


ture. 


Total 
precipita- 
tion. 


55 


8 


ior 


ww 
mm COS 
ao 


PRECIPITATION (in inches)—Totals this month, 3.45; normal, 3.58; departure, —0.13; since January Ist, —1.78. greatest amount 


in 24 hours, 1.62, on 15th and 16th; total snowfall, 11.5 inches. 


Winp—Prevailing direction, east; total movement, 4,379 miles; average hourly velocity, 5.9 miles; maximum velocity, 19 


miles per hour, from northwest on 16th. 


Dates or—Auroras, 18; hail, 0; sleet, 0; fog, dense, 0; thunderstorms, 19, 20; halos, solar, 2, 3, 4, 9, 14, 15, 17, 22, 24; halos, 


DEWEY A. SEELEY, 
Meteorologist. 


Junar, 3, 4; frost, killing, 10, 13; heavy, 18, light, 4, 6, 23, 24. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JUNE, 1923 


SAS SBINIAASOIRNSHOUINAE NSH ONWANN EINE WA 


Temperature. This month since 1863. 
+s Percent- 
Precipita- Character of age of 
Date pee day possible 
inches. : ean ghigis Mean Total 
Highest. | Lowest. Mean. : Year. tempera- | precipita- 
ture. | tion. 
sea aeee 89 54 72 0.08 | Partly Cloudy.. 91 1863: |i. AS ccs ial exe eee 
Dr itso oe 86 65 76 0.04 | Partly Cloudy... 89 1864 67.6 3.88 
Dian 84 67 76 0 | Partly Cloudy... 76 1865 70.8 3.55 
(RRA 87 70 78 0.03 | Partly Cloudy... 88 1866 66.6 5.37 
OD tatoiece sete 89 69 79 0 | Partly Cloudy... 99 1867 71.6 2.83 
GaE vieds 72 62 67 0:.23_] ‘Cloudy. ::.....< 25 1868 68.5 3.55 
tener 77 49 63 0.49 | Cloudy......... 27 1869 64.4 4.40 
Bite eee 71 50 60 0.01 | Partly Cloudy... 77 1870 70.9 vie] 
Deis ane 76 46 61 0 pars Seon aie 99 1871 68.2 2.93 
i | ere Aer 76 50 63 OW Olondysercs-,. - 72 1872 71.8 3.45 
1) Pe Seer 79 57 68 0 | Cloudy.. 59 1873 70.6 2.96 
Le Meriva ae 81 54 68 ONS Glear= 22 cs. <- 96 1874 70.6 5.07 
tS yaoi 82 52 67 Ompi@lear Soe ees: ears 86 1875 66.6 1.84 
i ae ey 83 52 68 0.13 |-Cloudy:.......- 37 1876 68.1 4 34 
We ect se 76 52 64 T. | Partly Cloudy.. 46 1877 65.9 3.09 
TG Ree 82 53 68 0 | Partly Cloudy... 83 1878 64.1 3.15 
Mikes ie ase 88 55 72 Ol n@lear 235 es. 6 100 1879 66.0 2.87 
Nee 90 65 78 0 | Partly Cloudy... 91 1880 67.6 5.04 
WO Rees ace 85 68 76 DP a Clondy.ae eee 36 1881 64.3 4.3 
Yi Se rae a 90 68 79 T. | Partly Cloudy.. 82 1882 66.5 5.5 
7A ae as 93 67 80 0.59 | Partly Cloudy.. 75 1883 65.9 11.3 
DO Ve sre 92 66 79 0.44 | Partly Cloudy... 78 1884 68.9 2.8 
ABest ae se 95 67 81 0 | Partly Cloudy.. 82 1885 64.7 6.0 
DEAT ses 93 67 80 Ol kC lear, Se ears 100 1886 65.7 1.9 
25 sn sce 92 65 78 0.03 | Partly Cloudy... 83 1887 68.5 2.4 
Lod stobsy cae 77 59 68 0.02 | Partly Cloudy.. 78 1888 67.9 2.5 
7 meee: ee 77 52 64 Dei MOlOUE Ysa oe ec 54 1889 62.8 3.4 
72) eee ae 62 48 55 O61 Cloudy. sis. 5.e 12 1890 70.3 3.9 
1 epee 69 41 55 0 | Partly Cloudy... 97 1891 67.4 2.5, 
30 2a 74 46 60 0.20 | Partly Cloudy... 62 1892 67.7 4.3 
BR rene She Sonate recall os eeeezia obs cif heros ac, oro all Gs tase htetena se, SH le monte anes une ar lO cee a et a 1893 66.6 4.8 
1894 71.4 1.3 
1895 71.4 1.0 
1896 69.9 2.6 
; 1897 64.2 2.5 
Mean shichesttemperature tenn: sactesae a hticccarsrin as scsjdeiseettaces otemete 82.2° 1898 67.6 4.9 
‘Mean lowest temperatubescs) socs-scc stn oats nas aoe ee salen Soles 57.9° 1899 68.2 Tal 
Meanstemperatire for Monn (ore :ece cee erie ie ae dere a etaiclneb emotes cm etesclero 70.0° 1900 65.2 2.5 
Total precipitation for-monuhn.sc6 csPhe emcee orc elas oeitend ha me oon i ees 2.90 1901 68.0 3.5 
1902 61.8 7.2 
1903 62.0 6.2 
1904 65.6 2.4 
WEATHER 1905 66.2 74 
1906 67.1 4.6 
1907 65.0 2.3 
Number daye' clear... {5 tress nian. opt ate Nee tench creorain ate Nenbere nets 5 1908 70.0 ibe? 
PAYPLY  GLOLLY. feiss 5c. ices hotest eee le ws re cate cae aS ee pee 17 1909 66.7 2.8 
Glotidy: Sa8e. 2s 0 ee ee) Set area oe dah Oe ty ree eee ahs 8 1910 64.9 1.9 
With 0.01 inch or more of precipitation...................200eeeeeeeeeuee 13 1911 68.0 3.7 
1912 63.1 0.9 
1913 67.6 1.0 
1914 66.0 4.1 
SUNSHINE 1915 61.0 3.9 
1916 61.4 5.3) 
1917 62.4 4.54 
Number hours sunshine 334.5 1918 64.4 2.07 
Possible hours sunshine 459.4 1919 Cilla Ie 3.18 
Percentage Of POssIDle. ./s Se ese ae easier enh elas ayaa Oe cies Soweieaniee eae ae 73 1920 67.7 4.17 
1921 70.6 3.24 
1922 67.4 1.83 
1923 70.0 2.90 
Normal 67.2 3.40 


BaRoMETER—Mean, 29.94 inches; highest, 30.26 inches, on 9th; lowest; 29.52 inches, on 26th. 

TEMPERATURE—Highest, 95°, on 23rd; lowest, 41° on 29th; greatest daily range, 35°, on Ist; least daily range, 10°, on 6th; 
normal temperature, 67.2°; departure, +2.8°; accumulated departure since January 1, —235°; average daily departure since 
January 1, —1.3°; highest in 38 years, 99°; lowest, 34°. 

PRECIPITATION (in inches)—Total this month, 2.90; normal, 3.40; departure, —0.50; since January Ist, —2.28; greatest amount 
in 24 hours, 0.61. on 28th; total snowfall, 0.0 inches. 

Winp—Prevailing direction, southwest; total movement, 3,018 miles; average hourly velocity, 4.2 miles; maximum velocity, 
24 miles per hour from southwest on 21st. : 

Dates or—Auroras, 0; hail, 0; sleet, 0; fog, dense, 6, 16; thunderstorms, 1, 2, 6, 7, 14, 19, 20, 21, 22, 24, 25, 26, 30; halos, solar, 
17, 18, 27; halos, lunar, 0; frost, killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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REPORT OF THE DEPARTMENT OF HISTORY AND POLITICAL 
SOIENCE. 


Sir :—In conformity with the custom, I hereby present to you a brief 
report of the Department of History and Political Science for the 
academic year 1922-1928. 

For the most part the work of the Department has been the same as 
for the several preceding years. We have continued giving to our stu- 
dents the elementary courses in History and Government which have 
long been used in this College. In conducting this work the full time 
of Mrs. Hendrick and myself has been required; in fact, we have found 
more hours of teaching than is normally possible for one to do thorough- 
ly. This was due partly to the demands of the aforesaid subjects, and 
in part was due to the fact that we have offered some advanced courses 
for the first time in the past year. This aspect of the work found ex- 
pression in a course in English History to the students of the Home 
Economics, Agriculture and Applied Science Divisions; also a course in 
the study of special periods. This year the class studied the administra- 
tion of Theodore Roosevelt. The object of this course is to make an 
intensive study of a brief period of time with the view of becoming 
thoroughly acquainted with all of the forces, political, economic and 
social, that may be found working in a period of exceptional interest. 

In the field of Government we have offered two new courses; one 
in the winter term in the study of “World Organization” in which we 
sought to acquaint the student with some exact information as to the 
procedure and accomplishment thus far, in the way of international 
organization and control. In the spring term a second new course was 
given in the form of Municipal Government—thus for the first time 
has a course of this kind been attempted at M. A. C. Finally, I would 
draw attention to the fact that two sections of students were enrolled 
in the course of Industrial History under the direction of Assistant 
Professor R. S. Steiner. In this course we seek to acquaint the student 
with some account of the development of industry during the centuries 
of the past, starting our intensive study with the development of English 
Industry in the 18th century and tracing the course of industrial 
progress from that date throughout our American History with the 
view of laying a great deal of emphasis upon the Industrial Revolution 
and its effect upon human progress. It is our hope that an acquaintance 
with the various aspects of industrial development may be of real value 
to students in the pursuit of other lines of work in the College. We 
persist in our contention that students need a greater degree of familiar- 
ity with the facts of the past in order to be more efficient students of 
the present. One obvious fallacy on the part of so many students is 
that they think because they pursue certain fields of History in High 
School they have exhausted the value of such study, whereas they 
have in reality simply acquired the tools whereby to do some real 
effective study in connection with the training in thinking which the 
College period of education provides them. It is a matter of satisfac- 
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tion to the members of this department to find so large a number of our 
students realizing this point of view during their College career and 
making use of their opportunities in this connection. 

Mrs. Hendrick has continued in her capacity in this department dur- 
ing the year in her usual effective way. 

During the spring term Mr. Steiner joined our force for the work 
in Industrial History which he conducted with satisfaction. 

Respectfully submitted, 
E. H. RYDER, 
Professor of History and Political Science. 


REPORT OF THE DEPARTMENT OF MUSIC. 


To the President: 


Sir :—The report of the Music Department for the year ending June 
30, 1923, is as follows: 


The department personnel: 


John Siebert Taylor, Professor of Voice. 

Delia H. Bemis, Instructor in Violin. 

Mrs. Gertrude L. Clark, Instructor in Piano. 
Miss Mildred Koonsman, Instructor in Piano. 
Miss Patricia McDonald, Instructor in Voice. 
Mr. Glenn H. Bradt, Instructor in Band Inst. 
Mr. Carl H. Dewey, Instructor in Band Inst. 


Number of students enrolled: 


PLANO. Foes Gos REE 5 EE akon aaa ese 93 
WW O1GE thiactite Ree Mies ck Poe ee epee eee 126 
IVT OTB esl tie as hin cxchaeen @ « SRS a ee 35 
ERATION; kcyp cist inane «lorle/dy shoes whose oe tee ees 20 
aa “a6: hast ds ths haut eo ae Oe 90 
Sismer“Schoel: 2.3 s.sak oo ae ees oe Oe 5 

Totals. co nties Ske ateee lithe ere 369 


These students received one lesson a week with five hours practice. 
Recitals were given from time to time by those qualified. Music was 
furnished as usual for occasions both on and off the campus. The 
Men’s Glee Club was up to the usual high standard, and with the Band 
gave concerts in Saginaw, Bay City, Midland, Pontiac, Lansing and 
East Lansing. This trip was so successful that we were requested to 
make it an annual event in these cities. 

The Band of course belongs to the Military Department, but through 
the Music Department we are giving lessons to all members who desire 
them, thus improving the organization by improving the individual. 
About 65 per cent of the Band members availed themselves of this oppor- 
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tunity. The same plan has been in operation in the Glee Club for the 
last four years. 

The Orchestra of 20 members did excellent work for their second year. 
Besides giving concerts they played for many other occasions including 
Commencement Day exercises. It is a valuable addition to the campus. 

Respectfully submitted, 
J. S. TAYLOR, 
Director of Music. 


REPORT OF THE DEPARTMENT OF PHYSICS. 


To the President: 


Sir:—A brief record of the Physics Department for the school year 
ending June 30, 1923, follows: 

There was no change in the personnel of the department throughout 
the year. ; 

Due to the lack of an Associate Professor requested in my budget, 
as well as insufficient funds with which to provide suitable equipment, 
together with inadequate laboratory space, the department was prohibit- 
ed from offering (although students had requested us to give them) 
the catalogued courses, listed below: 


Physics 4c. Mechanics Applied—Spring Term. 
Elective for Agricultural and Forestry Courses. 


Physics 6g. Electron Theory—Fall Term. 
Elective for Seniors in Science Course. 


Physics 6i. Heat Measurements—Spring Term. 
Elective for Seniors in Science Course. 


For the same reasons, these courses will not be given during the com- 
ing year. 


Two of the new scheduled courses,— 


Physies 4d. Electrical Measurements—Winter, Summer Term. 
Elective for Science Course. 


Physics 6n. Advanced Optics—Spring Term. 


were given for the first time. This was made possible since the south- 
east corner room, first floor (Forestry Building), was made available 
for use during these terms. 

A partition was put in the East Lecture Room, thus cutting off the 
north twelve feet, to provide space in which to carry on research work 
for graduate students. 

The unexpended portion of the 1921-22 apportionment for equipment, 
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was returned to the department as its allowance for equipment during 
the past year. The department could have eked out an existence on this 
apportionment had it not been for the fact that the receipts of the 
Photographic Division were taken from the department in February, and 
turned over into the College general fund. However, the department 
has enlarged its scope, this year, as shown by the following evidence: 


One student has started his major in physics in the Graduate School. 

Two Undergraduate students (Applied Science Course) majored in 
physies. 

Four Undergraduate students (Applied Science Course) minored 
in physics. 


The outlook for the ensuing year is much better due to the increased 
apportionment allotted the department, and because the receipts of the 
Photographic Division will provide a rotating fund with which to 
purchase the supplies for the work of other departments on the Campus. 

In order to complete our program of courses, as outlined by the 
Faculty, we will have to enlarge our staff for the year 1923-24. 

Respectfully submitted, 
CHAS. W. CHAPMAN, 
Professor of Physics. 


REPORT OF THE DEPARTMENT OF PHYSICAL TRAINING. 


To the President 


Sir:—I submit for your consideration the following report on the 
work of the department of Physical Education for the year ending June 
30, 1928: 


The teaching staff for the year was as follows: 

A. M. Barron, Acting Director of Athletics. 

L. L. Frimodig, Assistant Director of Athletics. 

F, M. Walker, Instructor. 

L. D. Burhans, Instructor. 

R. H. Rauch, Instructor. 

J. G. Heppinstall, Instructor. 

J. H..Devers, Instructor. 

Helen Grimes, Instructor. 

Grace Keefe, Instructor. 

Blanche Vaughn, Instructor. 

It has been the aim of this department to induce as large a number 
of students as possible to participate in athletic events and training 
and to take advantage of the classes in physical exercise and contests 
arranged by the department. With the idea of benefiting the whole 
student body we have encouraged intramural games and have had about 
700 students engaged in some sport at various times during the year. 

Physical Education was required of Freshmen and Sophomores only. 
The first year work consisted of training in army physical drill, 
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calisthenics, mass and recreative games. In addition they were given 
lectures in health education and public hygiene. The second year men 
were given their choice of the afore-mentioned activities or engaging in 
varsity athletics. 

The upper classmen took exercise in intramural athletics. Schedules 
were arranged for both class and society competition in basketball, 
track, indoor baseball, outdoor baseball, swimming, bowling and tennis. 

Physical education for girls is required of Freshmen and Sophomores, 
three hours a week, and elective for upper classmen. A physical and 
medical examination is required of all new students. A general program 
of athletics, corrective work, swimming, which is a required subject, is 
given all under-classmen. The interclass sports are hockey, soccer, 
basketball, baseball, and swimming. Varsity sports are tennis and 
rifle, while the inter-sorority sports are rifle, bowling, archery, swim- 
ming and tennis. Upperclassmen are given a two-year elective course in 
physical education which is correlated with various departments of the 
college, such as home economics, art, music, military science, veterinary 
science, and bacteriology, which gives a splendid, well-rounded out 
course. 

Varsity and Freshmen teams were maintained in football, basketball, 
baseball, track, swimming, wrestling, and tennis. Our teams competed 
with the leading teams of the Western Conference and the Middle West. 
We won a representative number of our games with the strongest 
colleges and universities, and always put up a fight which won respect 
and admiration from friends and rivals alike. 

The new concrete stadium now under construction will fill a long- 
felt want. The old stands are about worn out and entirely inadequate. 
The gymnasium is splendidly equipped. In fact our athletic plant will 
be one of the best in the Middle West. The great need, however, is 
more playgrounds, so that a more extensive program may be carried out, 
and so that we may be able to get every student in the institution in 
some sort of recreation. Another big need is an auditorium so the 
work of the department may not be hampered by the continual use of 
the gymnasium for other college functions. 

I respectively call your attention to the fact that the department 
touches the life of every student in the institution. The contact is a 
vital one, playing an important part in the well-rounded man and 
woman. 

Respectfully submitted, 
L. L. FRIMODIG, 
Assistant Director of Athletics. 
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REPORT OF THE SUMMER SESSION. 


To the President: 


Sir:—The Summer Session, 1923, opened on Tuesday, June 19th, and 
closed on Friday, July 27th. This date of opening was immediately fol- 
lowing Commencement. This year’s experience directs attention to 
two things. In the first place, a brief interval of rest between the end 
of the spring term and the opening of the Summer Session would be 
advantageous to Faculty and student. Besides, we found ourselves a 
little in advance of other schools of a similar nature and the closing of 
High Schools from whose faculties we have drawn a number of students. 

The organization has been very similar to that of preceding years. 
A liberal number of courses has been offered for our regular students 
for the purpose of removing deficiencies or obtaining advance credit. 

In addition the College has furnished special courses for teachers 
of the rural schools, including Agriculture, Home Economics, Pedagogy 
and Physical Training. 

A special group of courses in Agriculture has-been presented to a 
class of twelve superintendents of schools in the State. The most of 
these men were here ten weeks last summer for the same purpose. Dur- 
ing the two summers these men are covering about fifty credits of Agri- 
culture. This work is done at the request of the Department of Public 
Instruction as a means of giving men trained in liberal arts institu- 
tions some training in technical Agriculture in order to fit them to 
adequately supervise the Consolidated Schools. These men express sin- 
cere appreciation of the spirit of M. A. C. and of the opportunities af- 
forded them by the members of our Faculty who have given them special 
attention in their respective fields. 

We have given again this year the courses in Home Economics designed 
to assist women to qualify under the Smith-Hughes law as teachers in 
the High Schools. Several of our graduates of former years have re- 
turned to obtain the instruction in these courses given by Miss Margaret 
Stewart, of Ames, Iowa. Miss Stewart’s services were so satisfactory 
last summer in this same capacity that she was invited to return this 
year. Another activity of the summer of more than passing interest 
is the School of Instruction given during the last two weeks to teachers 
of Agriculture in the High Schools under the direction of Director E. 
E. Gallup. This year one hundred men enrolled and were given class 
room instruction by members of the Faculty. The merits of this project 
are very obvious. It keeps the boys in intimate touch with the College 
from whence they may get advice, inspiration and instruction. The 
very latest developments in scientific lines can be placed at their dis- 
posal. It offers opportunity to compare notes on methods of teaching 
a new line of work. ; 

Last but not least—perhaps the most important activity of the sum- 
mer is the sojourn of more than 250 boys and girls from widely dis- 
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tributed parts of the state under the auspices of Mr. Ray Turner and 
his staff. These young people, for the most part of High School ages, 
are prize winners in Boys’ and Girls’ Club projects. As a reward for 
their achievements they are given a week’s outing on the campus where 
they are furnished a chosen program. No one can question the value 
of these experiences to boys and girls just at the threshold of life. To 
many of them it will be a revelation of unforseen possibilities in life. 

It may be of interest to append to this report a tabulation of figures 
bearing upon our enrollment. 


Total number of undergraduate students enrolled............ 391 
Pe re 39 PEC —— PEP INAL oes... sracc one's no. c0- a) einpepeip 8 ores ekeval eyes 207 
Number of men—summer only............ccccccecenees 49 
pre Oke WOME —— TEP WAI 6) scence « 0 lee bie'sie see 20 we ee 5D 
Number of women—summer only.............c02esc00. 80 
ANIBECE tre Pee NEUN C1 t cid co Uap aie spelt Ses cunts bsp jn sacqimnlel 95 
NET Oh TIRE AL VOACMELS cso ’stoe uk 6-o are elare 66 s%s, «10 bible 2 phane’p 17 
apne Or Sram rte SiMUCINDS so. cn scone oidiccie se + alta sree 31 
Number of students candidates for advanced degrees.......... 24) 
Mine Of PeICHELS Of APTICUILUTOs 2-14 -,-12, <i. ia sf 3 <q odoje ics ai yee 100 
Number of Vocational students enrolled in Vocational School 
PemeTe INYO mem IC ACWULY of Novolacxs als vara sisi sid ysis sytney Serre d4 
Total number of students receiving instruction................ 551 


It is a matter of satisfaction that we have had the largest attendance 
in our history of students who do not belong to the regular student body. 
Ten states besides Michigan have been represented in our student body 
this summer; five from Illinois, six from Ohio, two from Wisconsin, three 
from West Virginia, five from Pennsylvania and one each from~Nebraska, 
Indiana, Kansas, Mississippi and Delaware. In addition we have one 
from London, England, two from Ontario, Canada and one from Cairo, 
Egypt. 

Efforts have been put forth by the Faculty to make the stay of the 
students as pleasant as possible. Two College parties were held which 
were attended by students and members of the Faculty. An enjoyable 
social occasion was had each time. 

A new departure was made in holding a weekly Convocation. One 
hour was set aside for this purpose at which time all class exercises were 
discontinued and students and teachers attended a program consisting 
of music and a short address. 

Finally, the Summer School administration brought to the campus 
on July 17th and 18th the Coffer-Miller Players who presented two eve- 
ning performances. Monday—Androcles and the Lion, and on Tuesday, 
The Good-Natured Man. The work of this company was considered by 
all in attendance as of very high grade. It is to be hoped that enter- 
tainment of this superior type may be had each season as a part of 
our Summer program. 

I wish to call attention to courses given in the second six weeks of 
the Summer. No plans had been authorized for a second session, but 
in the course of the first six weeks a few groups of students asked to 
have certain subjects offered for their benefit. 
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In response to this demand the following courses were authorized by 
the Board of Agriculture in the July meeting: 


Physics 1d—5 cr. 
Physics Le—5 cr. 
Civil Engineering 4a—5 er. 
Civil Engineering 4b—5 er. 


Special courses in Agriculture for Superintendents of Schools as 
follows: 


Farm Crops 4—5 cr. 
Farm Mechanics 3 
Poultry 2—5 er. 
Soils 2b—3 cr. 


Tg 


Courses in Bees, Poultry, Farm Mechanics for Vocational Men. No 
College credit. 


In closing, I wish to acknowledge the co-operation of our teachers 
in the hard work of this session. The fact that this session is so differ- 
ently organized from the regular terms, also the fact that considerable 
portion of the student body is composed of new students, necessitates a 
great deal of hard labor on the part of the instructors. 

Respectfully submitted, 
K. H. RYDER, 
Director of Summer Session. 


REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY. 
To the President: 


Sir :—I beg leave to present herewith the annual report of the Depart- 
ment of Zoology and Physiology for the year 1922-1923. For many years 
past the reports of this Department have been more-or-less perfunctory 
recitals of the functioning of a department which showed little change 
in personnel or courses. The year just closed has, however, brought 
many marked changes of far-reaching importance. 

On the morning of February twenty-sixth the College was shocked 
by the news of the sudden death of Professor Walter Bradford Barrows, 
for twenty-eight years Head of this Department. During this period of 
nearly three decades the College has become recognized as a clearing- 
house for information concerning bird life. The data accumulated 
through his own observations and his correspondence with other bird 
students in the state are preserved for the future in Michigan Bird 
Life, the 822-page book issued as a Special Bulletin of this Depart- 
ment in 1912. This work was so carefully compiled and pains-takingly 
written that it is said to be the best of its kind ever issued for the 
Upper Mississippi-Great Lakes region. So long as birds have usefulness 
and beauty, this work will reflect credit to the author and to the institu- 
tion he so long served. 
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At a meeting of the State Board of Agriculture held on March fifth 
the undersigned was appointed Acting Head of the Department for the 
remainder of the year. The teaching work for the remainder of the 
winter term was so modified that courses were carried through to com- 
pletion without additional help. For the spring term we secured the 
services of Mr. N. F. Petersen of the University of Nebraska. He took 
over the laboratory work in Introductory Zoology and the class and 
laboratory work in General Zoology. 

The teaching schedules for the academic year were as follows: 


Fall Winter Spring 


Zoology—1 (2 secs.) -.........0.0.00 00 eee Sees tote heirs ened ee eT eee 67 43 33 Mr. Conger 
i el een tara hy 5 eats SN bt a hae Meee 12 5 .. Mr. Barrows 
eho A ) Sie a re ae ID Rect See Rane 19 15 14 Mr. Conger 
Cg BLS eer trae oe Serene FETA QE IEE: Been, ene Don Mae Aes keer eatcta ne 5 5 12. Mr. Conger 
te ee Eas aii 2 Se ep i RS Se i in Rg cine CaN ies rs 9 .. Mr. Barrows 
praca, @ SE CR) eec ee Sean arch Ree cities ee seh CAS Seid eee aL tS 106 95 31 “as Hosebecm 
Re ee ELE nas WARES utara ade Ree aay sha ancnete et Senet eed be be 11 10 r. Rosebcom 
Geology—1 Bi ie War RRB ote SOM hoer par to aT aC Ae eet PA Bi eneed 26 bat 57 38 38 Mr. Stack 
ESPACE Sey Leen a wcreae cre sey ta abs ec weGns SOLE yi, mam actos aa NSS Nees ti ity 16 6 .. Mr. Bergquist 
6, 7 TRE ERD REM ae ETS Save eh ee oe Rie cis one Sg ee aoe ee tae 15 19 .. Mr. Bergquist 
rope At aed US Sa BS oe a ie Siar rg Regs a ea a CRSP Ut NS a Ee eee Oe Sent ete ke ee 8 7 10 Mr. Bergquist 
Dee aie teed tree a be tieeinistaetay en: Mee eraeh emir =p ie 6 oh: .. Mr. Bergquist 


RECAPITULATION 
Total 
PRO EY® Foes a ne ARTE aR Sh OAS OE Leap 103 77 59 253 
Lehi (site G)-8 Wane Paes Seen eet ere eee ee Rae Ra astetars Sioa bork sek iooere 106 106 41 253 
[ST a ates LS al a Be ai alto is ali etn ERR gE Sen ae Se Ca 102 70 48 220 
726 


It will be noticed in the table above, that of the 253 students en- 
rolled in Zoology during the year, 96 were in elective courses, with an 
average enrollment of ten students ‘per course. In Physiology all courses 
given were required. In Geology 87 of the 220 students were in elective 
courses. This, I feel, indicates a growing interest in these sciences on 
the part of our student body, and is a hopeful sign for the future de- 
velopment of work along these lines. 

A complete separation of the three sciences taught in this department 
had been under consideration for some time past. Present reorganiza- 
tion plans offered a partial solution to the question and the new college 
year will find Physiology removed from its former associates and incor- 
porated in the Veterinary Division. At present it is deemed inpracti- 
cable to elevate Geology to the rank of a separate department, but it is 
hoped that such a step may be taken in the near future. 

After eleven years of service in this Department, the writer will soon 
sever his connection with the College. The associations of these years 
have been increasingly pleasant ones and I bespeak for the reorganized 
department the measure of co-operation which has made possible the 
expansion and development our courses have received during recent 
years. I shall watch with interest the growth of the “Greater M. A. C.” 
for which I have helped to labor, and I feel sure that this Department 
will assume its full share in the realization of that ambition and will 
continue to grow in value and service to the College and to the State. 

Very truly yours, 
ALLEN C. CONGER, 
Associate Professor of Zoology, 
Acting Head of the Department. 


154 STATE BOARD OF AGRICULTURE 


REPORT OF THE DEPARTMENT OF LANDSCAPE 
ARCHITECTURE. 


To the President: 


Sir:—This department was officially formed by action of the State 
Board of Agriculture as a distinct and separate department beginning 
September 1, 1922. Temporary quarters were obtained in the Engineer- 
ing Building through the courtesy of the Department of Drawing and 
Design for the term of the school year, after which time it was expected 
that more ample and desirable facilities for presenting this subject 
would be available. The department desires to express its appreciation 
for this courtesy of the Department of Drawing and Design which it 
feels at times proved quite inconvenient to them. Under these condi- 
tions it has not been possible to assemble the laboratory equipment 
most desired for presenting this work, but it is expected that better fa- 
cilities will be available for the coming school year. 

The subjects in Landscape Architecture offered during the past year 
were such as had previously been presented in this line by the writer 
in previous years as part of the course in horticulture. The courses 
have now been reorganized in such a manner that a student specializing 
in Landscape Architecture will be able to obtain a much better train- 
ing in the subject during his junior and senior years as well as to per- ~ 
mit students in General Agriculture, Forestry and Home Economics of 
obtaining some training on certain phases of this work that will be of 
most value to them. 

It seems entirely fitting and proper in making this initial report of 
the department to express the function and service that the writer 
feels this department can render to the student body and to the citizens 
of the state. If education consists of adaptation to environment, the 
value of a study that develops an interest, love and appreciation for 
all that pertains to the aesthetic enjoyment of a rural environment 
would seem to be a very basic and vital part of an agricultural educa- 
tion. That the young men and women passing through this institution 
may gain a greater satisfaction and a better appreciation of life in a 
rural environment, it is desirable that they be led to see the beauties of 
nature and to sense the enjoyment arising from a love of rural land- 
scapes. Therefore, this department desires the opportunity of reaching 
each student who expects to live in the country and in particular to the 
young men and women who expect to become teachers, county agri- 
cultural agents, or leaders in the rural community. 

There is an unlimited demand for students trained in landscape work 
as superintendents of golf grounds, a field that has not been considered 
by this institution in the past. Arrangements have now been made with 
the U. S. Golf Association whereby students desiring to enter this field 
of service will be given positions during the summer vacation periods 
on golf grounds to gain the practical experience in this particular type 
of work and after completing with satisfaction their course in Land- 
scape Architecture they will be prepared to occupy positions as super- 
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intendents. A few men are working this summer on golf grounds in 
preparation for their training in this line. 

This department has not been granted the privilege of an extension 
worker. The demand of citizens of the state for assistance in this field 
is very great. Letters are daily received asking for advice in the plant- 
ing of the home grounds and for help in the designing and development 
of farm grounds, tourist’s camps, playgrounds, school grounds, church 
grounds, and the grounds about rural town buildings. A great deal of 
the time of the writer has been taken in working upon these plans as 
well as much of the time of Miss Genevieve Gillette, half-time assistant 
in the department for the past year. When one considers that the mak- 
ing of each plan requires from four to forty hours of time drafting, 
the immense amount of work involved may be appreciated. The depart- 
ment, however, was not able to meet all of the demand. Many requests 
for plans and personal visits had to be refused. The following is a 
summary of the plans made this year: 


1.. Civie Problems— 


(a) Parks, Athletic Grounds, Tourist Camps......... 2 

PES CHOC GUMS 5 ae vec aie ae cee + care sen ee be ang 8 

(c) Church and other public buildings (not schools).. 5 

WE er INGE CE NM icci scales aos sec Homie am wis perelerd e @ a bns ene 8 if 
2. Farm Problems— 

By whe TEES PRESS 1S Iason ee ce a re OE 9 
So SUPE DAME TOPEPuCR. 8.6 fos iee. os sae ms Fate one areal s, bhars 8 

CE re ae a lana Rae! 33 


Besides the plans made several talks were given ‘before various sorts 
of farmer’s organizations and civic improvement clubs. 

It is hoped that funds will be available from the extension division 
to place a man on full extension time during the coming year, as this 
department, otherwise, will not be able to take care of the demand for this 
work which is becoming more pressing each year, and a refusal of help 
on requests tends to develop an antagonistic feeling toward the institu- 
tion. It would seem if we are interested in making country life more 
worth while, that we should be anxious to encourage a greater interest 
in the development of rural home grounds, and in the aesthetic develop- 
ment of all other rural grounds such as of the consolidated school 
grounds, rural town parks, rural cemeteries, and such other public 
properties in our rural communities as will tend to make them more 
beautiful and satisfactory. 

Respectfully yours, 
C. P. HALLIGAN, 
Professor of Landscape Architecture. 
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FIRST REPORT OF THE LIBERAL ARTS COUNCIL 


To the President: 


Sir :—Members of the Board of Control for the current year: 
W. W. Johnston, 

C. P. Halligan, 

W. H. French. 


Student members: 


C. L. Richards, 
E. C. Perrine, 
Ruth Chamberlin, 
Frances Holden. 


We feel that the Liberal Arts Council has provided wholesome literary 
and musical entertainment for the student body in the form of five. (5) 
lectures, one dramatic reading, and three (3) musicals as listed below: 


October 24, Douglas Malloch............. $100.00 
November 22, Carl Sandberg............. 150.00 
December 5, Marie Tiffany............... 250.00 
January -9: Theo Carle -2..s4 225 sess aise 350.00 
January 24, Henry L. Southwick......... 100.00 
February 6, Elschuco Quartet............ 400.00 
March 13, Louis K. Anspacher........... 150.00 
April 10, M.”A: €, Glee Clab.c2 .s25- eee 100.00 


In addition to the foregoing items of expense, there have been bills 
for printing, labor and supplies. 

The entire financial statement for the year showing receipts and ex- 
penditures, is appended hereto. 

The Council desires to repeat the recommendation of one year ago, 
that the President shall call a joint meeting of the special entertain- 
ment committees of the college, in order that a schedule may be arranged 
so that there may be the fewest possible conflicting dates. There are so 
many activities on the campus that it is difficult to find open dates for 
our entertainments. We also ask that permission be given us to use 
the. gymnasium for an auditorium for the ensuing year. 

Respectfully submitted, 
W. H. FRENCH, 
Chairman Liberal Arts Council. 
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RECEIPTS AND DISBURSEMENTS. 


Committee on Liberal Arts, School Year 1922-1923. 


Receipts— 

June 30, 1922—Balance on hand ...................6%- $430 .22 
sone 30, 1923— Student fees... sce. eee tes ee cee eee 1,419.35 
eee RECT ee ee rst his SE thn Sioa ese tate and 234.50 
$2,084.07 

Disbursements— 
June 30, 1925—Refund to students...................26; $5.96 
TRON ieee Note Soin Sarna als ctx eee Cee eee ies 135.15 
ASR UCM 0. wr eons Se cic a si oe wa a odecaio oie p 1,750.00 
PAUSES fo noo or kw aes hase ye wae ae ewe nes ore ee 47.60 
DEM AUE s Sete eb we es hs Sets eee me eae 48.00 
MINCE WANCOUR Oo Ys oes x ake ae Sets Cee ks 17.07 
Pelee eth WATE 2 he os soe a ke wile ase eons 80.29 
$2,084.07 


W. H. FRENCH, 
Chairman and Secretary, Liberal Arts Council. 


FIRST REPORT OF THE BOARD IN CONTROL OF ATHLETICS. 


To the President: 


Sir:—In accordance with section “G” of a motion of February 2, 
1923, of the State Board of Agriculture, establishing the Board in Con- 
trol of Athletics, the following report “of the business and condition of 
the athletic department” for the college year 1922-25 is herewith sub- 
mitted. 

The Board in Control of Athletics has found it necessary to organize 
the department of physical education according to its convictions con- 
cerning the policies to be pursued and the distribution of duties among 
the various members of the department. A director of athletics, Ralph 
H. Young, will take charge of the department September 1, and will 
carry out a constructive program which will uphold the standards of 
athletics for which M. A. C. has long been noted. All changes in per- 
sonnel and policy have been made with the hope and belief that they 
will bring about a period of thorough development within the depart- 
ment so that it may do its share to aid the progress of the college. 

In equipment, the board can report the completion of plans for an 
adequate athletic field including facilities which have long been lacking. 
This field will be situated south of the Red Cedar as close as 
possible to the gymnasium. Its most important unit, the stadium, is 
nearing completion and will be ready for football games this fall. 
Tennis courts, baseball diamonds and other fields will be provided as the 
need arises. 


158 STATE BOARD OF AGRICULTURE 


In its financial standing the department has prospered during the past 
year in spite of a reduction in income from the college. For the year 
1921-22 your board appropriated for this department a total of $24,400 
of which $3,200 was for general expenses and the balance for salaries. 
In addition to this amount the department had for its use about $1,400 
in fees from the gymnasium lockers. The following year, 1922-23, the 
appropriation was reduced to $22,000, $2,000 of which was for general 
expenses and the locker fees were turned into the general college fund, 
and at the beginning of that year there was a deficit in loans and un- 
paid bills of $12,047 on the books of the department. A closely applied 
policy of economy makes it possible to report the department books 
now carrying but $3,400 in loans and about $1,000 in unpaid bills, a net 
gain of about $7,600 over the previous year. 

On the salary roll of the department in 1922-23 there were seven 
men on full-time contracts, one on part time, three women on full-time 
and a clerk, an aggregate roll of $29,280. On the list for 1923-24 there 
will be five men on full-time contracts, one on part-time, two women 
on full-time and one clerk at a total of $26,680, including $500 to R. 
H. Rauch which should have been paid last year, and $1,200 to A. M. 
Barron in settlement on his contract. This shows a net reduction in 
salaries for next year of $4,800. 

Included in the expenses of the department for the past year is 
$1,738.77 used in direct advertising for the college. The interscholastic 
basketball and track tournaments of the past year brought about 1,000 
high school students to the college. These gatherings give the institu- 
tion an unparalleled opportunity to impress upon the vistors the de- 
sirability of attending M. A. C. and many will enroll this fall as a 
result. 

In installing the course in physical education which your board has 
approved as a regular part of the curriculum, the board hopes that the 
college will be better equipped to serve its purpose as an educational 
institution by preparing men and women for positions as instructors of 
physical training in the schools of the state. 

The department of physical education is going into the new year 
with a smaller appropriation from the college, a reduced, but what is 
designed to be, a more efficient staff, a smaller indebtedness than the 
previous year and the best equipment M. A. C. has ever had. This 
board is putting forth its best efforts to insure for M. A. C. the prestige 
on the athletic field to which her standing in the collegiate world en- 
titles her. It is building firmly so that the victories of her teams will 
be the result of irreproachable tactics and that the department of 
physical education may exist for the benefit of the entire student body 
as well as for the comparative few who make up the different squads. 

Detailed financial statements for that part of the college year previous 
to the time this board took office and for the five months ensuing are 
attached. 

RALPH C. HUSTON, 
Chairman. 
ROBERT J. McCARTHY, 
. Secretary. 
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FINANCIAL STATEMENT. 
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Michigan Agricultural College Athletic Association, July 1, 1922, to 


February 1, 1928. 


RECEIPTS 
HERS Ea tle, Sete et nea. hats etiam hore eal sie a weveeisreis $24,055.42 
LBSDSLSE OT OS a nie aa 2 ae a ee = ae cn a 1,337.81 
SUSE SOS TS ea eee ED SIS eee aa re eam 106.10 
CSU ENILILCOM RSP TN ei oe says a mi ane oh eevee ciate ie es 13 ,807 .06 
TS Pa CRUE yy corey ah pee, 100s ES V1 0) 0:10 Cots cee eae spe A or 479.77 
PAPA PELLE Pe GRID LE ey rein ethan he ce oat af ewe oc ao tee hw cccitae 2,183.88 
NRE MaTLCUIN et cera tte ke a URE a PEEL ese oon tate eee 4,230.39 
ROUBLE Pperrarstcn cnt e Se Sc R ah Se ii se as ate ad ace Ge PB ee ed $46 , 200.43 
LEEW LT STEEN FCA HSS ic eben gd oo Casa ae EOE REE BNA ae et Sc en eee ee a nca eN 
DISBURSEMENTS 
ELCSa SPY Les eye eet sane Pee eases ag esvahe ies at oie s. nasi hee othe $15,759.52 
LEIS, cacy Gaia ped se acne be 2 a ee ai Peers 2,122.66 
PXOS-COUMEDV ens 8 32 seit ars as Scale oS asia doeceieee 746.36 
PUWARAUAIT ERP oe Se ps ee etd gle Ceol nie ea te ee eee ee 127.80 
STOUT spstpsake 15 Lem aaP are ie aia a ies ene eo er AEN Ot Rata 1,649.00 
SUES (ern ED) Cy TTS i ee yee i ee ee ee aa 241.80 
PMO MELT gPats ot Aes Scat ee tee Pees ete 138.20 
MOUMIDMeN tan SUPPUES 7h. 5. <a eons ewe ees sees 5,228.46 
FNOVECLISMIP LOS PIitlOps: .ocys 2.06 2 rete hen fake cen 884.37 
DEEWICES PPLOlesslON als .-e sete. oe ses esas: aa 454.50 
PRratMIAPaLA Deere wei at oe ri tole beta ake 4,941.93 
elephone and telegraph). .-.. .khoass tc. oie eee 200.90 
WTISCEMANCOUS ae Shen cst on  eee E se kos eos 7,377 .34 
FROUAISCISDUTSCMEHLS s-; Van cee ee ae ok a oetiahe se eee eet $39,872.84 
BE ARCe On Mand Mebmary le LoDo sei os.ce wilson one sid cede eee 6,327.59 
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$46 , 200.43 


$46, 200.43 


Michigan Agricultural College Athletic Association, February 1, 1923, 


to July 1, 1923. 


Balanceon hand Hebrivarye 1s 1923 )-- 77 s-)« pece «he heirs. 5, >-acnctn fs Deen elei 8 
Receipts— 
LEFT i of ete samy Sale Cees ce ieee MOT Ena ey EE ee $1,063.10 
TE PTC) O77 Pos th eed ae ie cae pec a fe eR i ee 1,600.65 
Eire elsmre ba tere hGace eka secs See hes ee eee eae & 950.00 
LANES IT toes teeee poetic te yt Se Ge ae aE ee ee 635.05 
SAN AEAGLESY 581A ah py Me oe ae a Bren Ake Re a Sar Dy ae 250.00 
iutermcholastic: basketball sot ae eve so. eo ores 355.00 
Puterscuoiastic Olacks-.0\ separ ee ae one ee 96.70 
bntercollemiatet Tack. eno: fa.) nin ee he oarae enn 56.50 
SHUIGOME BOOS ase ore Sleek ae PI RE aE 7,127.04 
Supplicstand equipment sien sd: wa. cuctokntne dace 1,416.61 
BLAINE SLA DIC Secor, in Y Ae ae Rin Rae ease ea me 1,260.40 
IVEISCEMAMCOHE a. Sten eco thes ee eg te oe i ees 3,633 .82 
PR OUAISTCCOLDES peer the teea retin acc eae ioe oh cecteioee Ba ei 


$6,327.59 


$18 444.87 


$24,772.46 
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Disbursements— 


IWirestlinge ns sca tesc sake ee oe ROR rere Pinata 
Swim ese. Se. een eer cae eae ene eae 


Intercollegiate track 
Salaries 


Suppliesiang equipment. cpa See eae 
Printing and advertising 
Professional services 
LrAIMING CADIS tat te cease ee ee ecg ee eee 
Telephone and telegraph 
Student refund 
Miscellaneous 


FINANCIAL STATEMENT, 


$24 , 368.03 
404.43 


$24,772.46 


Michigan Agricultural College Athletic Association, July 1, 1922, to 
July 1, 1928. 


Receipts— 
BOOED ai eae Sere pce rt ay ees coe eee Sei Me cen reye eas $24,055.42 
BASU aly <8 sacs ACh 0) tes abate eon nea setae pee 2,400.91 
BS ASMA So. smut coved oe eae wee Cree eked are mE epee tiedins Lanes 1,600.65 
PETES hoz! te setin le eae aac te Oe eM Sa pC ean i imines 950.00 
GCrosseeounitiy haw Fess. iseerne See ee cee eae 106.10 
IW DESHINE Tair. Petit co alee @ Rete eae are eerie ee 635.05 
Shh oau 0A UT fay Raven em Potato LT eRe Seen Menten tint teh «eareemtt ce 250.00 
Interscholastic basketball vs. 25 set cto cays foo cis lle ses 355.00 
ANtersGholastie trackis oo kan a cine ce Bi wsre ade kere ere wena 96.70 
Intercolleriate track, saje.cenie seeus execs Sue eons sere ene 56.50 
Student fees 3 ee ee eee ees te ere ee Oe 20,934.10 
Supplies and: equipment... ante cette eee 1,896.38 
PB bah Wh GF oe) 0) Cee upg anahtnene de taht ereteurp ts Gr renter Pane 3,444.28 
Miscellaneous: (733 bs: 5. SIR Stok eee hes et tee aes 7,864.21 
Ota “LeCeIPtS tere S cet ke aoe Pha tae ale kote aroha ve Sree oT 
Disbursements— 
Moo tballs a. $2 Eee seas hk Eel rl tos Seer rata Spanien $15,759.52 
Basketball cre ee oes ee, totes depeteces tare eaters 3,889.69 
BASED aL SA oe cetera canoe ee ie Meee era eee 2,713.44 
fbr cl ae eee A ee neers muah a) A De wArs We ame ter fre aeng base 1,861.92 
CTOSS=COMME LYE ee wage cyan dae eR ate Em ae oan toes 746.36 
ST QUUTES 525 ohne ers ee ee Eee eae ees NSE 245.16 
Wirestlin esi ete. ibs sts <Q E IIE ee AIO (sere 804.87 
SWVMIUINUTIES Ss coe RET cities tc pele Gaetan eee oan ners 586.30 
Interscholastic basket pallies.) fee terest oad cee eae eee 503.93 
Interscholasie-trackece = ase, selks pemeuael heteien aan eels 379.89 
Interconlepiate t1aGk kc. iene eereye eae eT eee 226.31 
Salaries! ce risses wines Seats ae, hee Rae gh ae Neocles 9,172.35 
StudentAlabor = ss See eae ee be? Sones 753.94 
Supplies and equipment. cr 7 e ie ein eae eae es 8,733.83 
Printing. ing -AGVerbpiplie - 7 ..oe netics ius nied, shear 1,610.71 
‘Professional Services: > ove. erscapete a's oto Soe eee 679.50 
ALTA HAS HAO ses ote ok peta ok arene eee Caen PTAC Re 7,332.45 
Telephone and telezraphi: <2) SI oes tare ett oat ela ons 325.20 
Student Tenn 52 Fase cistecstesssene a eee es eee 260.69 
Miscellaneous sae i ee tar eats con eceet te Remeeeeemepceaie reas 7,654.81 
Total’ disbursements 23 c+. chess brew hoe ie ae e egtecetocapakacaneds 
Balance:on hand JIU y 1, AOAS os radon eye eae oa ave ae pierateke tetas 


$64,645.30 


$62 , 240.87 
404.43 


$64,645.30 


$64,645.30 
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REPORT OF THE M. A. C. ASSOCIATION. 


To the President: 


Sir:—Upon taking over this office in August, 1922, I was informed 
by the executive committee of the M. A. C. Association that an appro- 
priation of $4,500 had been made for the use of this Association and 
that an agreement had been entered into between the members of our 
executive committee and the State Board that, should the expenses of 
the office total more than the appropriation, the Board would appro- 
priate enough more to make up the deficit. I have the pleasure to re- 
port that the office was run within the appropriation during the past 
year, in spite of the fact that only $4,500 was appropriated, while dur- 
ing the previous year 46,300 had been set aside for our use. 

IT should like to bring to the attention of the Board several unusual 
conditions which have affected the conduct of the office during the past 
year: 


There was no regular secretary from January 1, 1922, until 
August 1, 1922. As a result the Association paid an acting secre- 
tary $100 from its funds for special work at commencement time. 
This lack of a directing head also found the office seriously lacking 
in equipment and supplies and, as a result, a comparatively large 
sum was spent on this account during the past year. 

The college did not see fit to send out invitations to the alumni 
to return for commencement so this office assumed the responsibility 
and the expense of the undertaking both at that time and at Home- 
coming in’ the fall. On both occasions the results were gratifying 
and of considerable benefit to the college in alumni interest and 
the influence these affairs have on the general public. 

This spring the college ceased paying the telephone bills of the 
office and this expense was added to the former burden of the office, 
subtracting that amount from the gross appropriation, which had 
been greatly reduced from the previous year. 

Requisitions from this office were not honored by the college pur- 
chasing agent after July 1, 1922, except those signed by the secre- 
tary of your Board, which in all cases were paid from our funds. 

The secretary of the Association is also engaged as director of 
the campaign for the Union Memorial Building Fund. This is the 
only known case where a special director was not engaged by the 
college or detailed from the college payroll for such a purpose. 

Appliances used in the office have decreased the expenditure for 
student labor by a large amount over previous years, and a new ar- 
‘angement for addressing The Record has also aided greatly in 
this respect. 

This office has been active in advertising the advantages of the 
college. An issue of The Record in May was financed by the East 
Lansing business men and 3,000 copies were distributed through 
the alumni to prospective students among the senior classes of the 
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high schools. This office collected a list of 1,000 names of prospec- 
tive students through alumni employed as high school teachers, 

This office has also, through a system of sending two sample 
copies of The Record each year to all former students, kept many 
in touch with the college who have no other means of knowing its 
progress and the increasing opportunities it offers to students. This 
has only been done at considerable expense which has been charged 
to The Record and paid from its funds. 

The Record is one of the very few alumni publications which do 
not carry paid advertisements of the college. 

But one clerk is employed regularly in the alumni office and all 
clerical work in connection with the M. A. ©. Union, the regular 
alumni work, and that of the Board in Control of Athletics is 
handled through this office. Another is employed on part-time to 
handle the affairs of the Union Memorial Building campaign and 
funds but her salary is paid from that fund. All equipment es- 
pecially purchased for the Union Memorial Building campaign is 
paid for from that fund and supplies for that special purpose, in- 
cluding postage, also come from that source. 


The Association appreciates the support of the State Board of Agri- 
culture while it is establishing itself upon a firm business basis. It be- 
lieves that, to be truly helpful, it should be entirely self-supporting 
and is planning its program to the end that within a few years it hopes 
to be able to conduct its affairs without an appropriation from your 
Board. 

All of the efforts of this Association are turned toward aiding the 
program for a larger, more efficient M. A. C. Through close organiza- 
tion of the alummi it is certain that they will be better able to benefit 
the institution. The Association is always ready to aid in any program 
looking toward the betterment of the college; it is anxious to mer: its 
strength to such movements as will forward the aims of M. A. C. Your 
help in building this organization will result in lasting benefit. 

A financial statement showing the disposition of the $4,500 Appro- 
priated for this office by your Board for the fiscal year 1922-23 is at- 
tached. Your appropriation of a similar amount for 1923-24 will enable 
us to carry on our work but will not allow us to expand our program. 

Respectfully submitted, 
ROBE RT J. McCARTHY, 
Sec retary. 


FINANCIAL STATEMENT 


Of the M. A. C. Association from July 1, 1922, to July 1, 1923. 


Received trom Cole pe. vic pa sensors pa ieee oe ATES nee PORN cin Pc once $4,500.00 

Disbursements— 
PSU SUENES: Seer gcse a weapons GP ens Sp PLAS PMOL poh nck ce Oe ge Lee a $1,365.00 
(OLi TS SPST) 01 LES aan, ele Re Sie oe eo Ae, CN de cel le RE Bet nd @ Be 550.48 
Conimeneements 1922 +3 s<i: < esi bee A dn See ee 66 . 64 
Commencement. 1923 F ...2h ces hehe nck aero aoe oT Neha tere 141.50 
Relephonessand telesrams 2... sus) cee eae ae ene eee 44.16 
SUMMA MOE ache ck < atekoks so cst eh eae ee ie Sa ee ee eae 37 .18 
ALTA VEHICLE R PRINS ashy. ee oe Fates, cu eitg ae Cie mee ae lke eat ae Cee aren tet ae 45.73 
HOMECOMINEIOSDONAG : 5 Fo pinch os da ee LE ee pe ead 46.7 
MSTA CE LUE ore pierre is..s \a),ave. sr Lee Pie Tole te Cea INGEN ee CIO ae ee 9.75 
Stamps andkenveldpesits sak s At watts NR ES Ry a Lata Gene rd eae ee ort 327 .85 
Salary sGlSCCeehaLy ste ccknsty. chd ates edhona, gic MON Chase ee pawn eens 1,865.01 


sFOLAL GISDUTSEMIENUSS Soca ts a cierto bo oe TELE CIR eaae Oa EAT aay ne Boe ere See $4,500.00 
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REPORT OF THE SECRETARY ANI) TREASURER. 


The following shows the Receipts and Disbursements of the Experi- 
ment Station for the year ending June 30, 1923. 


DCtetme Loe ace | CO DalANCCIOVELGFAWIecns 202. cb ome «Oe coon as oe treat ow es $107,967 26 


Aug. 26, 1922. TECelved from: UsiSHhreEasury sn. siccotte oe ee $7,500 00 
Och 22 1922. receLven Miron see LeasUNY.:. 2-0 cis. ce, ce oe oe 7,500 00 
Jan. 10, 1923. received iron Us Sa LLCASUEy =. o-oo S tons oe none 7,500 00 
Apr. 20, 1923. received: froma. Sec ETEASUTY)....-cr costes wee tenes ens 7,500 00 
June 33, 1923. State Treasurer, one-fifth mill fund................... 180,000 00 
Graham Horticultural Experiment Station............. 852 24 
Upper Peninsula Experiment Station.................. 5,581 32 
South Haven Experiment Station..................... 629 94 
WISE HAM OOTIR Po card ete ce eeeeh se sore ns, Nene 4,442 24 


By disbursements as per vouchers filed in office of the 


AIG AAU COI GENCrAl sce vase k seine Saree ah Sy ae Oma on serait otele 240,849 86 


- Inferdepartment,travslec.- sii. aoe oe te ee eee 872.65 5,188 35 
HF ALANCOLON CLOUEC 22 0 tion ws ok el rakorcci ais ae de ee 131,627 08 
BENE ike bee face ch AW tomy Seacrest ties cist Reo cor Seng, oer ne wnblelh ho ete ee cape $354,005 47 $354,005 47 


Forty thousand special bulletins No. 117; thirty-five thousand special bulletins No. 118; thirty thou- 
sand special bulletins No. 121; twenty-three thousand circular bulletins No. 49; twenty-five thousand 
circular bulletins No. 50; ten thousand circular bulletins No. 51; ten thousand circular bulletins No. 52: 
fifty thousand circular bulletins No. 53; eight thousand circular bulletins No. 54; nine thousand circular 
bulletins No. 55; nine thousand circular bulletins No. 56; nine thousand circular bulletins No. 57; nine 
thousand circular bulletins No. 58; nine thousand circular bulletins No. 59; nine thousand circular bul- 
letins No. 60; four thousand technical bulletins No. 55; four thousand ‘five hundred technical bulletins 
No. 56; four thousand five hundred technical bulletins No. 57; four thousand five hundred technical 
bulletins No. 58; and Quarterly Volumes Nos. 1, 2, 3, 4, and 5 have been issued by the Experiment 
Station during the fiscal year. 


~ 
DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS. 
Hatch Adams 
Tund Fund 
Salaries: 
Mirector and other administrative :oficerss-..--.. 2. 4... nee one cnn $1,817 60 
STS ATOM SIENA E oy AS Poe ne Re eI wes SI a iL el ee ee Ea 2,681 60 
ASSIS EATS SLOMSCICNPLAC! Stohr = fa cic a oe Pe eee ee a eee er Shae a oe 10,449 80 $15,000 00 
DRUER ETS Leet ae ner CE RTI ONRe oe PTA EIT  in un cen en Dy SUMO $15,000 00 $15,000 00 


164 STATE BOARD OF AGRICULTURE 


DISBURSEMENT OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED | 
FROM U. 8. TREASURER. 


SE Er (os ig eee ee een Ra a renner Pe Sei CH A on ote he oe AGRA = pOles aac oa: $108 ,453 60 
ICN Caos ae aR MT Caer a e raen Mer cee anes has Pein dt noe SeE BIA reine cue reit ly mesaracr Me ote ech ate Dae 43,635 58 
PiUblica tions 5 Hck tee oe crated were an ss os RS ogre aE aa ae ee eae meienact Pe pee dae dice sash ate te tee sas 10,780 05 
Postare- ang: statlomery =z tem crew © str ene hart aet nn sho) eee atepe nd cri era lt ae apched = Seat ei crear rarer 1,400 07 
PSIG MAG. EXPIESS oar seeee ee ee eh erara ase Newel coe epe h opekaNlabadet eet taut ticks tedaeant te ee yaneay. Pace States 793 88 
Heat licht water amd: POWel.ceta-cts eet ne oye ntesuntcis-salecert cchentelen eels lire ete ean test cae terest har. aie 3,028 91 
Ghemicals:andJaboratoryesSuppliesin pes tee hr town epee eee fren & tise sears 3,422 81 
Seeds plants andssundryesSUpp esse tcmecpy que eet nce sehen epee et terres presences 10,571 48 
Wertilizers : 52 ses oes so ae oe ee ae ERED LR et ay REE eee Ea Se SEN Mh eRe cS canoe 1,592 53 
TDP Yob ates iid islam pee aU RCSA pe Masher © Panic minty ol eAyingrevantob in 5 ohsioca'd bug ory iwi) Os Seaside exe 5,581 38 
| Ea Oe A Cee De rere pines Ons Ne Oe oinb-coicg ely beats Gest NE SE Tupi case saan aas Aegean ross | 1,313 83 
Toolsmachineryzandsapplamees aa iriae seine te tes anil: ines eeieeenaeeean ee habe eer 4,150 33 
[Mugen tourer | ool sonaiouresfee Wy ay Aino hte Bice ae nooo SES SAP SEO RR ein oo ee ea ue oars wreanan nee AS Aoa Ss ces anes 387 80 
Scientificapparabus amdSpecimemse sy. cr ncscksree-tses opet ancien Sine veardiaa ede ate tl a eases a 1,817 25 
TSUN ORS HOC ere ean sete tats ean DGS tae tah oa vatahe omar fen Spat te aise Men ot east Sato aa Red aa certs Betee eects 2,721 40 
Pave linie CXPCMBCS ars cine kadheraisge  tieearceal’d Ou-ea amtcmetacts clteMe oecne ec de nae ketegune Gow aca MC eSN gs sem eL neater 13,816 88 
BiilGimes: mG glam dats vacan.y inicessOhrsc uses: ae come vatad eeteacn en Siegel each aes cha arse teen eae ag MMeeew ane teat 2,570 42 

Dy bY cir) eae enh eee TANI, Wh Nees Ra a De hins Rime ae Meer iS Uae Bart eM Mer ciety rman Moar a tne Deere $216,038 21 


THIRTY-FOURTH ANNUAL REPORT 
OF THE 
AGRICULTURAL EXPERIMENT STATION 


OF THE 


Michigan Agricultural College 


UNDER THE STATE HATCH AND ADAMS ACTS 
FOR THE 


YEAR ENDING JUNE 30, 1923. 


For members and organization of the State Board of Agriculture in Charge of the Station and list of 
officers, see pages — and — in this volume 
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REPORT OF THE DIRECTOR OF EXPERIMENT STATION. 


To the President: 


Sir:—Accompanying this report are the individual reports of the 
various sections of the Experiment Station. While these reports are 
quite complete, I wish to direct your attention to some of the especially 
interesting phases of work in the various sections. 

This year completes the three-year project by the Animal Husbandry 
Section on “Stover Silage Versus Normal Silage for Fattening Steers.” 
Very interesting results have been secured on that project as well as 
on the project on “Comparative Value of Michigan Grains for Swine 
Feeding.” 

The U. S. D. A. Sugar Beet Station for the humid area was trans- 
ferred on April 1, from Blissfield to the Farm Crops Section of this 
institution. One of the clover stations of the U. 8S. D. A. is also now 
located at the Michigan Station. The plant breeding and cultural proj- 
ects have continued to be.as valuable this year as during the previous 
years. Southern European strains of clover seed were found to be in- 
ferior to Michigan Red clover. The Chemistry Section is co-operating 
with the Farm Crops Section in their project “Michigan Wheats and 
Flours.” 

The work of the Soils Section on the use of lime and fertilizers is 
proving to be more valuable each year. The development of the Soiltex 
Soil Reaction Test by Spurway is one of the outstanding developments 
of the year. The soil survey work has also progressed satisfactorily. 

The Dairy Section has started some very careful and complete nutri- 
tion projects. Some feeding and forage tests have also been completed 
this year. Important results have been secured along the line of re- 
search in dairy manufacture. 

The spraying, dusting, and fertilizing projects of the Horticultural 
Section have been conducted with renewed vigor. Cultural and breed- 
ing work have been carried on with small fruits and vegetables. The 
South Haven peach, a new variety developed at the South Haven Sta- 
tion, gives promise of filling a long-felt need of the peach grower. 

The Farm Mechanics Section has made notable progress in the develop- 
ment of their marl excavation outfit as well as a home-made lime 
spreader. The work of the Forestry Section in the study of “Second 
Growth Hardwoods In Cut-Over Lands” as well as other projects gives 
promise of considerable value. 

The work of the Entomological Section in aiding in the control of 
coddling moth, grapeberry moth, and chinch bug has been very satis- 
factory. Dr. Chandler with his new vermifuge has been quite successful 
in the control of intestinal parasites of the silver fox. 

Special progress of the work in poultry diseases and contagious abor- 
tion is recorded by the Bacteriological and Pathological Sections. Cool- 
edge’s colorimetric hydrogen-ion method of determining the keeping 
quality of dairy products has this year proved to be a very valuable 
means of checking up on faulty dairy practices. Special work in the 
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diseases of potatoes, sugar beets, and cereals has been conducted by the 
Pathological division of the Botanical Section. Work in plant nutrition 
has also been conducted. 

Marked progress is reported in the land clearing work at the Upper 
Peninsula Station at Chatham. Special investigations have been car- 
ried on relative to costs and methods of plowing and breaking cut-over 
land on the Station farm. The crops and livestock work of the Station 
have been managed as before. 

Substantial support was given the Station during the year through 
supplementary state aid evanted by the State Board of Agriculture from 
current funds of the College. There are now over one hundred and 
eighty investigational projects in progress. The following statement 
includes receipts and disbursements of the Station for this year: 


Receipts 
State sA pproprid Mom: AF oso emits ea etes haw nlaie wa ae ae Se $214,027 . 72 
en eg Se Ss es hens vance obo eat ep pee ST hae cede tenures. pamne 9,505.74 
RA Gu ead Gs c's cscs syrah, aap te iets oer BS oka alte ear 15,000.00 
Aang SBE: rhc eats an agereee eewsiod wick eaar tae ae pn tere pent pas 15,000.00 


$2 43,533 e 46 
Disbursements 


Marin IS tartans fies asi tna tec ss widen Ses keareh Ee eae 195,149.80 

Uber taibions soit ik oc es Belen ARE ns Seder ees ee 26,830 .56 

GAA TT BSG: CAOU: Se eo esaetaacw" aco a ota Bee NR melee eget 7,249 .27 

South tHavensstation sss. stoke ae oes cise aera s 4,303.83 

Soil) Surveys Aaa oe Gee. SN Si eth Sa sehed ste pi epieeaaace 10,000.00 

$243,533 .46 

The following is a list of the Station bulletins issued during the year: 
Specials 

17 POtRO Culinaire cs oes oo ae an ere aN ate epee 40,000 issue 

1S. Primi of: Rune Y Reese te Bee re eee 35,000 issue 

(6) “Dransterrine?:- Bees" CRepriiil)>~ xe see 5 os simteternteer sass 7,000 issue 

Quarterlies 

Vola: Noss, Aumeust) 1022" tee ik ake sree ei nts 45,000 issue 

Vols (Noe 2 November s 1G 22 4 sare ositews ceo teenie tote e 45,000 issue 

Wok 5 -Noi 3,5 February, ho 2s ack ce ahs saad ec ote ae bee 45,000 issue 

Vol“6 NG Mays M26 he titan aie aeeiahs wetted ace tacaseme tas ia 45,000 issue 
Circulars 

AS ‘Spraying. for Hopperburnss sss iawn wees Me 12,000 issue 

AG: Hessian By asics ase ihc isi oso eed Mopeds, aisha eee ars ot issue 

a0) Hairy... Vietehiss: 2 iui ataiecee se sae eG. cha Wa coterie 25,000 issue 

51 -Chinch ~Bue sss ia 2. e biciote hice restates ee «fats 10,000 issue 

52: The Grape-berry Mothiin A922. ste dian «/elereenseuw tel sats 10,000 issue 

53 Standard Fertilizers for Michigan .... 2... .....5. 50,000 issue 

54 Lime for Van Buren County Soils .......5..:2.40%. 9,000 issue 

55 Lime for St. Joseph County Woils ................ 9,000: issue 


p6:-Lime for Cass :County Solis 12. v3 ian aeie aseje de slaiss 9,000 issue 
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57 Lime for Calhoun County Soils .................. 9,000 issue 

po Lume:for Berrien “County Soils: 22 oc 2s 2h es 9,000 issue 

59 Lime for Ottawa County Soils .......... ee ae ee 9,000 issue 

60 Lime for Kalamazoo County Soils ................ 9,000 issue 
Poultry 


52 Issues of Press Bulletins—Weekly Reports of Egg 
Laying Contest. 


Technicals 
57 Studies on Active Bases and Excess Acids In Min- 
ARAN. a 3, fe ace bee OS ap a oe Seaee wea TES NT: 4,500 issue 


58 The Occurrence of Protozoa in Plants affected with 
Mosaic and related diseases .......3.0.3..s....., 4,500 issue 
NOME LAE SHOR ULE Siesta tee oe ook wie Rowe Goce es war oie Ord a oee 0. ere eae 4,500 issue 
60 The Influence of Manufacturing Operation On the 
Bacterial Content of Ice Cream............ 4,500 issue 
Respectfully submitted, 
E. B. HILL, 
Assistant to the Director of Experiment Station. 


REPORT OF THE SECTION OF ANIMAL HUSBANDRY. 


To the Director: 


Sir:—I have the honor to submit the following report of the experi- 
mental work conducted by the Animal Husbandry Section during the 
year ending June 30, 1923. 

A third test with normal silage fed to Lot I, stover silage fed to Lot 
Il and stover silage plus the corn which was removed at the time of 


ensiloing returned to the ration, to Lot III. 


The average results of the three tests are as follows: 


4 


Lot I Lot II Lot II 
AVELACE Initial aWele Duct pataektec eras dae acai oes Taek, bates PRT cttoees Noemie ee, vebtceass 843.5 843.5 848.9 
everadesninalevy elmhucteat ssc hres mtr sinte sich Tiler ee ecient has 1,206.2 1,106.0 1,141.3 
Averape: Gaim perwteeraccs sent eee earls Tak Sears hee tee 362.6 262.5 292.4 
A veris ee Dally aie sacar ko set. cote cette: Sect SSR EMA nis oh a ee 2.35 1.70 1.90 
Average Daily Ration: 
Normal Silage... . . AL ete : SIS ete haw aarti , BIS GCAIAS Seco oeteoeree|Seewts cules 
Stover Silage. . aera re RS ee ras ee aE ce Mee te Nate of Se ne es Sere TG| meng pe ay 43.15 40.91 
Protein Supplement... De eu ey ~Nayn e afent Leak peut oon AiR i . ahaa 2.34 2.34 2.34 
Shrebeds Conn rke sire sheet hos eet ee erage tb, comes hens 2 oer gnnien a anna tmeara 5.05 Pato: 8.74 
Cl ayers vitesse eect isinsen oe net Ceeey Roe eRe Nene Tea hae mens ote Aesth 2.82 3.10 3.10 
Feed Consumed per pound of gain: 
Normal Silave:ssn9<s752. 0. eee é sae . é SEs mt 1) PAR | aaah ee a Baa oie 
HOMERS MIE eter canny sateen |) che Chee coca crac ado eet RS es a he oe re ie eos eet eee 25.31 21.55 
Rrotem supplements cta esc. clerics eo Pani ie ne te eee 995 1.374 1.234 
Bhelledi@orn sega 0.9 oe ee ee Ae hie RIE ee Ga Re 2 146 3.36 4.6 
Glowertt ays ms, vires acetate ont edn So a an Sr Le 1.19 1.81 1.63 
Cost per Cwt. Gain (not crediting pork produced).......... 0.00.0 cece cece eee v eres 8.996 9.90 10.47 
Cost per Cwt. gain (Crediting pork produced)...... SET et RET eee SE 8.21 9.25 9.56 
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The result of each trial was very much the same as the average of 
the three trials, Lot I in each trial gained more rapidly, made cheaper 
gains, took on more finish and sold at a higher price per pound than 
either Lot II or Lot Il]. While Lot IIT in each trial gained more 
rapidly than Lot II, they were not considered to be worth any more 
by the buyers. The dressing percentage in each case showed that Lot 
IIE was better finished and worth more than ifort icyt 

In the 1922 report attention was called to the fact that pigs, fed 
the commonly grown farm grains in connection with tankage as a pro- 
tein supplement, all feeds being fed free choice, did not properly balance 
their own rations. 

One series of trials using the same feeds as were used previously, 
but combining them accor ding to accepted standards and feeding the 
mixed ration in the self- feeder have been completed. The results “have 
been as follows: 


roe Average 
Corn Barley Rye Middlings |. Tankage Total Daily 
Gain 
Lot I—Free Choice........... Petts. | 239 53.5 P20 eee ae 30.5 462 1 391 
Lot. JA—Mixed Ration. «2 ..... <0 00 ashen 124.3 124.3 UZAY Siei eee cenanee 31.9 404.8 1 43 
Lot II—Free Choice.................. SN ore ee re cE ae ete ie a 42 456 1.151 
Lot IJ[A—Mixed Ration. ............. BaP | one GAOER~. «| lates aa p 24.6 465.4 1 047 
Lot [1]—Free Chiotee.... 2. ......... : va Ce BAA OTN to ae whe areetowd 28 472 1 301 
Lot I1JA—Mixed Ration............. ns B04 2lGen ss spelen Sie 25.6 389.8 1 557 
Lot IV—Free Choice.......... ‘ee 395 KR taki a Ee Cel mores es 40 435 1.472 
Lot 1VA—Mixed Ration............... SRY GA Ml aie baleen leet reheat a || emer biIN 43.5 381.2 Nesyi 
Lot V—Free Choice ; ‘ 257 178 ace 32 467 1.21 
Lot VA—Mixed Ration... .. . Eas at ; in 180 1 ASOKLes| Ss, See. 30.8 391 1.59 
Lot VI—Free Choice BR ee eke, hs agate ee DOG eal Soe 157 27, 26.6 453.3 i biel we 
Bets VWlA—MixedGHationss ss: cs. cet see eae eres tier DEE IO! |: paneer, 106 8 12,1 403 8 1.437 
LothVitl—BreeiOhoice ss 222 go 1 6 snot cee nies RAG saee no 199 226 26 447 1,12 
iGtiVivA=—Mixed Ration... 20.) ale sealer noe 295.6 110.8 8.3 414 1.16 


With the exception of Lot ILA, all lots receiving the mixed ration 
made larger daily gains and required less feed per 100 pounds‘ gain. 
The results of this one test show marked results in favor of the prepared 
ration over the free choice system. Definite conclusions should not be 
drawn until two more tests have been completed. 

Many inquiries have been received relative to the value of powdered 
skim milk as a feed for pigs. To answer this question, Mr. C. D. 

-Christonlias, a graduate student in 1922, conducted a trial with three 
Lots of pigs, with the following results: 
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Lot I Lot II Lot II 
= Pigs ioe ae 5 Pigs 
Corn and gu Corn and 


Tankage Peas Skim Milk 


Initial weight per pen........ = ee eel iA fin So 382 376 375 
Final weight per pen............-. i woe : ; skit eae 1001 8 1088 1126 
Total gain per pen........... ‘ ee 619.8 712 } 751 
Average gain per pig......... ; ‘ ; | 120 142 4 152.2 
Average daily gain per pig........ : 1 36 1 56 1 65 
Average daily ration: 

Wars nats ctaiie suc : ae 4.42 4 52 4 42 

Wankhpasd <r) os kt t , S.4ee Fah ark ae : ; : Sot GAT IL-An yen 

Powdered Skim milk. . ; : : atte , de OOS ie 

Skuntmpk: test A) ae Ha . 10 12 
Feed per 100 tbs. gain 

GI ee ee a i Pe rete nee eae ea eee Oo eee ian Fs | 324.7 288 .3 268 3 

Pankapescr eit ee ba Root e tas costs Poe ae 47.4 hia! 

Powdered skimamike Po oO ett aD. Se ee boo fOERS x 57.7 

RMIT Kate einen fate eee A ey ere ee ad Beas ae ee LAL eh SS 613.3 

Wistalicee see. es BN ices ; . : F : : 372.1 346.0 881.6 


The corn used in the above test cost $0.62 per bushel and the tankage 
$60.00 per ton. Using these two feeds fed Lot Las a basis for comparison, 
the 57.7 lbs. of powdered skim milk fed Lot Il replaced 47.4 Ibs. of 
tankage worth $1.42 and 36.4 Ibs. corn worth $0.40, making 57.7 Ibs. of 
powdered skim milk worth $1.82, or a hundred pounds of powdered 
skim milk was worth $3.16. 

The 613.8 lbs. of skim milk fed to Lot IIT replaced 47.4 Ibs. tankage 
worth $1.42 and 56.4 lbs. of corm worth $0.62, making 613.3 Ibs. skim 
milk worth $2.04, or one hundred pounds of skim milk was worth $0.33. 

Very truly yours, 
GEO. A. BROWN, 
Professor of Animal Husbandry. 


REPORT OF THE SECTION OF DAIRY HUSBANDRY. 


To the Director: 
Sir :— 
INVESTIGATION AND TEACHING 


The investigation work has been increased immeasurably since the 
appointment of Mr. C. F. Huffman and the half and quarter-time assist- 
ants. A new experimental shed has been erected and equipped for 

carrying on speci ial work with growing animals. The principal experi- 
ment, with erowing animals has been along the line of determining the 
feeding value of several mineral feeds as a supplement to ordinary 
rations and to study their effect upon the general health, growth, repro- 
dnetion, and milk production. Five lots of calves of five animals each 
are being used in this work and are being fed various commercial mixes 
in addition to home made mineral mixes. The work put out along this 
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line is progressing very nicely, but has not gone far enough to draw 
any conclusions. 

Another project is “The Minimum Cride Fiber in Ration of Rumi- 
nants.” This experiment is well under way and promises to give us 
new information along this line. 

Studies are also being made as to the effect of acid ash rations as 
compared to basic ash rations on the growth and development of calves. 
Two lots of calves are being used in this work. 

Field experiments in w hich data are being gathered from a number 
of herds in the vicinity of Lansing, are being carried on to determine the 
normal alkaline reserve of the blood of dairy cattle under ordinary farm 
conditions. Any information gathered from this source will be extremely 
valuable in studying the results of the alkaline reserve of the animals 
used in the experiments listed above. 

The effect of low calcium in the ration of dairy heifers on growth, 
health, and reproduction is being studied. 

Experiments are. being carried on to determine the relative vitamine 
content of silage made from green corn stover and that made from 
dry stover. 

Studies have been made to determine the effect of calving, exercise, 
lactation, dry period, and the effect of feeding colostrum milk, calcium 
carbonate, bone meal, silage, and straw on the alkaline reserve of the 
blood of dairy cattle. 

An experiment has been conducied during the past winter season 
whieh is the first of a series of trials in feeding cull beans to dairy cows 
and comparing them with cottonseed meal. There are a great many 
cull beans available for feed in the State and there has been considerable 
demand for information along this line. In this study the amount of 
cull ‘beans that can be substituted for cottonseed meal will be deter- 
mined and the effect of them upon the animal’s appetite and general 
behavior. The first of these series has been completed and will be ready 
to publish before the winter season begins. 

Pasture experiments with sweet clover and other grasses are being 
carried on as outlined last year. 

Studies are ‘being made relative to the normal temperature of cattle. 
The temperature of each animal in the herd is taken daily. Weights 
and measurements are also being taken of all animals in the herd every 
six months and all animals under freshening age every month. 

Investigation has been started to determine the relative efficiency of 
clarification of milk as compared with filtering milk in distributing 
plants. 

Reports have been made on two experiments conducted by Professor 
P. S. Lucas and the results have been published in the trade papers. 
The first one has to do with the use of aniline dye for coloring glymol 
to be used in reading cream tests made by the Babcock method.  Fol- 
lowing is a statement of how this dye is used: 

Alkanet root, which has for a considerable time been used for color- 
ing the glymol used for reading cream tests, has three objections: the 
time required for it to dissolve, the sediment that occurs after the solu- 
tion and the fact that it is easily decolorized by exposure to light. An 
aniline dye, oil soluble, which this Station has found suitable for color- 
ing g elymol, is Newport Oil Red 3 BS. This is a very inexpensive dye, 
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costing 50¢ an ounce. One ounce will color 25 gallons of oil. This dye 
is manufactured by the Newport Chemical W orks, Passaic, New Jersey. 
It has at the present time been discontinued, and Newport Oil Red No. 
13044 is offered in its stead. One ounce of the latter will color between 
40) and 45 gallons of glymol. Other colors, such as green and blue, were 
tried. It is very difficult to get a brilliant green color and the contrast 
between the vellow of the fat column is entirely unsatisfactory? The 
use of aniline dye is approximately 500 per cent cheaper than the use 
of alkanet root. It requires but five minutes for the material to be put 
into solution. It is best mixed up as a paste with the oil and if possible, 
slightly heated. It has no greater tendency to mix with the butterfat 
than the alkanet colored oil and it is not decolorized by being exposed 
to the air. 

During the past year sugar prices have soared and it has been neces- 
sary for the ice cream trade to use sugar substitutes. Since there was 
no data available on this subject giving the information as to what sub- 
stitutes to use and as to how they should be used, an experiment was 
conducted and the following sources of sugar and the amounts to use 
were determined, and they have been used quite generally by the ice 
cream trade. The figures given here of the various sweetening agencies 
are equivalent to the sweetening value of one pound of sugar. 


CUCU NE Serre are es vintere copes 3.26 pounds 
EBOTRE Ved Ne aia te raniac, oi gtens s Meote oaite Ieee 1.74 pounds 
LE SMO WD ait cede ecto a aaovcs eee 1.51 pounds 
(De ah ae, 0 202 0 ily ee eae Pe eRe 1.59 pounds 
1 SOE SiG jivoh AS 0 UR, eaten ane Op ae ae an 2.46 pounds 
PaVvertisSutar Sirtipr.s i.e. ka 1.88 pounds 


Figuring cane sugar at 10¢ per pound, glucose at 4c, honey at 18e, 
maple sirup at 25c, corn sugar at 6.7c, Karo sirup at 5c, invert sugar 
sirup at 7.1c, the cost of each respectively to be equivalent to one pound 
of sugar, is as follows: 13.40, 31.23, 37.75, 10.55, 12.38, and 9.78. While 
in every case costing more, these arene do supply a high per cent of 
the total solids when given in terms of cane sugar equivalent. The 
following average total solids was found: cane sugar, 94.85; glucose, 
82.13; honey, 81.56; maple sirup, 68.04; corn sugar, 93.65; Karo sirup, 
76.01; invert sugar sirup, 66.12. 

Cane sugar and invert sugar sirup give tastes very much alike. 
Honey and maple sirup are impractical because of their cost. Honey 
gives a flavor which if used in large amounts becomes tiresome to the 
consumer, Corn sugar probably offers the greatest possibilities as a 
sugar substitute, but at the present prices it is not as economical as 
cane sugar. 

During the past year a total of 963 students have received instruc- 
tion throughout the year. This includes both long and short course 
students. There were 621 short course and 342 long course students. 
Special short courses for the field men of the creamery manufacturing 
and milk distributing plants were offered again this year, as well as 
special courses in market milk and ice cream work. These courses were 
fairly satisfactory and the ice cream course particularly was in great 
demand. The short course in dairy production was changed during the 
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past year from an eight weeks’ to a 12 weeks’ course and the feeling of 
the members of the Department as well as the men who took the course 
was that this was a decided change for the better. A more complete 
course was given and the students who came here for that work were 
able to get almost double the training that they formerly got in the 
eight weeks. This course will be continued on the 12 weeks’ basis. 

The institution was again represented at the student judging contest 
at the National Dairy Show. The team consisted of Lynn Heatley, 
Waino Helli, and Paul Barrett, and made a very creditable record. 
Along with the 22 institutions entered, the team from this institution 
lined up eighth. 

As stated in last year’s report the college creamery was put on a 
commercial basis in the fall of 1921. This change was made in order 
that our students should get better instruction in a real commercial con- 
cern and particularly for our short course students to get training under 
actual operating conditions since they are here only a very short time. 
The creamery has had a very successful year from a financial standpoint, 
and our make of dariy products has greatly increased. The total amount 
of butter made was 157,808 pounds; ice cream, 5,209 gallons; and 23,- 
666 pounds of cottage cheese; 1,079,122 pounds of milk were delivered. 
The retail milk route which has been operating for some time is being 
continued. Pasteurized milk and raw milk from the college dairy have 
been sold. This business is how on a sufliciently large scale to make it 
profitable to operate and at the same time give our students the very 
best instruction possible. 

Respectfully submitted, 
O. EK. REED, 
Professor of Dairy. Husbandry. 


REPORT OF THE SECTION OF ANIMAL PATHOLOGY. 


To the Director: 


Sir:—I herewith submit the annual report of the pathologist for the 
year ending June 30, 1925. 

We have continued the investigations of disease of the reproductive 
organs of cattle. There are four subdivisions of this project that are 
being investigated, namely: the bacteriology and _ histo-pathology of 
the reproductive organs in sterility; the bacteriology and histo-pathology 
of the reproductive organs of calves and heifers from abortion infected 
herds; the bacteriology and histo-pathology of the reproductive organs 
of pregnant cattle from abortion infected herds; and, the bacteriology 
and histo-pathology of the uterus in evolution and involution. 

We have nothing to add to what has already been published under 
the first subdivision of this project but the work will be continued. 

In the second subdivision our results have been negative in so far 
as structural alterations of the reproductive organs are concerned. The 
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number of cases studied, however, is not sufficient to justify any con- 
clusions at this time. Under this head we are attempting to trace the 
avenue of invasion of abortion infection in experimentally inoculated 
heifers. This phase of the problem requires a great amount of routine 
examination but it is of considerable scientific interest and practical im- 
portance. 

The greatest amount of time has been spent upon the third subdivision 
of this project. Our observations are very interesting but we are not 
sure yet that we are able to interpret them. Considerable time has 
been spent upon a method of staining both Gram negative and Gram 
positive organisms in sections from the reproductive organs of pregnant 
cattle, with considerable success. 

The method is a combination of Goodpasturiz and the Weigert Fibrin 
stain. By this method we are able to demonstrate large numbers of cell 
inclusions in both the chorionic and maternal epithelium of the placental 
and interplacental areas. These inclusions are present in large numbers 
and resemble abortion bacilli. We find them in large numbers in posi- 
tively reacting animals and also in negatively reacting animals, also 
in animals from which abortion bacilli are obtained by cultural or in- 
oculation methods and in animals from which no micro-organisms are 
obtained by such methods. All cases studied so far have been from abor- 
tion infected herds. — 

In spite of their close resemblance to abortion bacilli we are not yet 
in a positoin to say that they are micro-organisms. Their presence is 
associated with well-marked granular degeneration and necrobiosis of 
_the epithelium. Other than this, in those cases in which other forms, 
such as streptococci, stephylococci and larger rods cannot be found, 
there is but little evidence of tissue reaction. That is, there is no well 
marked leucocytosis, inflammatory exudate (other than numerous 
placeutal hemmorrhages) nor tissue proliferation. In some cases where 
other forms of micro-organisms are obseryed in sections evidence of 
proliferation of the connective tissue leading to thickening of the walls 
of the crypts is observed. If this is a frequent condition, it would ex- 
plain retention of the placental membrane. The Granular degeneration 
of the placental epithelium is so marked in some cases that one might 
suspect that it would influence the interchange of nutritive and meta- 
bolic products between dam and fetus. We have made some observations 
that lead us to suspect that this is the case although we are not ready 
to draw any conclusions. 

In a few cases in which extensive granular degeneration of the placen- 
tal epithelium is seen we have observed what we suspect as an attempt 
to bring about attachment of the chorion and maternal mucosa in the 
interplacental areas. Normally the general opinion is that there is no 
connection in the bovine, between the chorion and uterine mucosa in 
the inter caruncule areas and that the maternal epithelium in these 
areas retains the adult type during pregnancy. We have observed 
changes in these areas that appear to us identical with those changes 
observed in the plancental areas. That is, in these areas, the maternal 
epithelium appears to have acquired the vegetative type, primary villi 
are seen to have grown out from the chorion and there is a correspond- 
ing outgrowth of the uterine mucosa, apparently the result or stimuli 
arising in the chorion, This condition has been observed before by other 
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investigators in cases in which there has been loss of cotyledons at a 
previous parturition. We have observed this condition in cases in which 
neither the history nor the gross anatomical findings would indicate that 
its development was the result of loss of cotyledons at a previous par- 
turition. The thought is suggested that it may develop as a result of 
the degenerative changes in the maternal and chorionic epithelium re- 
ferred to above-and may possibly be interpreted as nature’s method of 
compensating for those changes in the epithelium that inffuence the 
interchange of nutritive and metobolic products between dam and fetus. 
This hypothesis, we believe, is justified by the observations already made 
but a great deal more inyestigational work must be done before con- 
clusions may be drawn. 

There is another condition observed that we are unable to explain. 
The extent of granular degeneration and necrobiosis of the chorionic and 
maternal epithelium is marked. Naturally, in this condition one would 
expect to find extensive denuded areas of the placenta. Such is not the 
case. We have attempted to explain this in our own mind by assuming 
that the vegetative type of epithelium found here possesses marked re- 
generative properties and that repair is very active. Whether this 
explanation is the correct one, further investigation only will determine. 

In our studies of involution and evolution of the uterus we have ob- 
served many denuded areas of the maternal placenta in the evoluting 
uterus but we believe that a great deal of this is the result of phogocytic 
activity of the chorionic epithelium or the result of the action of the 
enzymes elaborated by the chorionic epithelium. We are inclined to 
believe that in the dey elopment of the maternal crypt, much of the ma- 
ternal epithelium is destroyed and the crypt wall later becomes covered 
with regenerated epithelium. If this is true the condition would favor 
the entrance of bacteria that were in the uterus at the time of concep- 
tion or that later gained entrance to the pregnant uterus, into the ma- 
ternal tissues. In fact our observations on this problem lead us to 
believe that the changes in the -placenta are continuously progressive 
up until approaching parturition and that eroded areas of maternal 
tissue may be found at any stage of pregnancy, such areas possibly favor- 
ing the invasion of the maternal tissues by bacteria already present or 
gaining entrance to the uterus at any stage of pregnancy. 

At this time we wish to acknowledge’ the valuable assistance of Mr. 
I. F. Huddleson of the Department of Bacteriology who has made the 
bacteriological examination of the cases studied in these investigations. 

Respectfully submitted, 
EK. T. HALLMAN, 
Animal Pathologist. 
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REPORT OF THE SECTION OF BACTERIOLOGY. 


To the Director: 


Sir :—The experimental work for which we are responsible has been 
carried on during the past year without serious interference and with 
gratifying results. We regret the necessity to report that Research Assist- 
ant Rk. L. Tweed severed his connection with the Station May 1, 1923. 
Carrying considerable responsibility and working in diverse fields, he 
was an efficient, loyal and congenial associate. He accepted a position 
with the Gorgas Hospital, Tampico, Mexico. His.various projects will 
be distributed amongst the men of the Section best fitted to undertake 
the added responsibilities. Research Associate Fabin will assume charge 
of the vinegar work and flax retting investigations; Research Associate 
Cooledge will look after the work on foods; Research Associate Ruehle 
will take’ over the work on intestinal bacteriology including the acido- 
philus cultures; and Research Associate Huddleson will add to his duties 
that covered by Adams project 1 a, “The effect of diseases in the cow on 
the milk,” in so far as the project deals with abortion of cattle. Mr. 
Cooledge will study other phases of this problem. 


Report of Research Assistant R. L. Tweed. 


Under the project, “The effect of diseases of the cow upon the milk” 
(Adams 1a) a paper has been submitted reporting -the study of the 
significance of high cellular count of milk from Bact. abortus infected 
udders as compared with that of non-infceted udders. This is recom- 
mended as a Technical Bulletin. 

Work upon the four remaining phases as reported last year has been 
continued. 

Graduate Assistant D. E. Hasley has taken up an additional phase of 
the project in “A comparative study of the various methods for isolating 
Bact. abortus” under the direction of Mr. Huddleson. 


Vinegar. 

From July 1, 1922, to May 1, 1923, 218 requests for vinegar cultures 
were received, 266 yeast cultures were sent out, and 243 cultures of 
acetic bacteria, not including ten gallons of culture sent to a Michigan 
vinegar company for starting generators, and 53 lots of chemicals for 
inaking honey vinegar. 

Requests for cultures were received from British Columbia, Ontario, 
Montana, Idaho, Washington, Arizona, Illinois, Missouri, Pennsylvania, 
Texas, Oklahoma, Minnesota, Iowa, California, Massachusetts, Ohio, 
Indiana, Kansas and Wisconsin. 

There was an increase of 129 requests for cultures this year as com- 
pared with last year. 

Forty-nine samples of vinegar have been analyzed and advice given 
with respect to analyses, 
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Table. 
Sample Achic 70. Ios Sugar Color Flavor Suggestions 
0. Aad Alcchol by Weight 
281 Dy | 5 2 Set Seen ee eel ere Amber 2 ess Good........| Ventilate and keep warm 
282 Reo 5.4 | +— | Amber......... Bitter: 245-- Inoc. Bact. aceti, keep warm 
283 TT fh Pees ae tne ees Dark amber....| Woody....... Ventilate and keep warm 
284 B20 | Setar Waet Cor aSel hake ee Dark amber....| Woody....... May standardize to 4% 
285 Le AN Dine ok eras eee ae HS Light Amber....| Woody....... May standardize to 4% 
286 7A Ved SSR tn ae Sere et a i oe or Light amber. ...| Woody....... Ventilate and keep warm 
287 Shi tees he ry tae, Sa pee Light amber. ...| Wocdy....... Ventilate and keep warm 
ogg | 2.5 3.47| + | Cloudy......... Bide, 6 Ventilate and keep warm 
289 2.0 Ve hije || Snes en Ls} eek fo Sey ae latin Lian Hold for home use 
290 BOE chon cs arginine tars ait Sitawaner psoas Clean acid Keep warm and ventilate 
291 RB ED ns Avance Soetdecs etay fej Amberit ts as), otal siniene ee oes Ince. baet: aceti, keep warm 
292 IGS lists rae See ee eee None: Cloudy 2. eieg- 1st se oust cee N.G. 
293 1.0 1.36 | +— | Straw.......... Watery.......| N.G. . 
e- 294 DON hsb Bias lett tol mecatess Dark amber... .} Clean acid... . Ney standardize to 4% 
295 Dal nae van BRS CRS meet .| Dark amber... .} Clean acid....} May standardize to 4% 
296 HOM Te ee eee None | Amber......... OP tke Ventilate and keep warm 
297 BO [sate aitetetcs ae ties ase None | Amber......-.. OPK sa sere Ventilate and keep warm 
298 SEL s| Oo senallad ere le says Light amber. ...| Clean........ Ventilate and keep warm 
a 299° BSc aeeerelines ete ee None | Light amber. ...| O. K......... Ventilate and keep warm 
300 GROW Me othe Soden ieee Nene-| Amber........- OPKe: pecan Market standard 
301 DBs Sake | Saree +— | Light amber....]} Acid......... Use for standardizing 
302 3.0 4. “E Light Amber....| Acid......... Ince. Bact. aceti, keep warm 
303 AO het beeen pre ee a None } Light amber....| Acid....... iz Use for standardizing 
304 8 2Bpu) Poel @aurlecta sees Sct: Bitter........ Inoc. bact:aceti for home use 
305 1.9 1.20 | ++ | Light amber. ...| Watery Tnoe. bact. aceti for home usc 
306 2.3 .61 | ++ | Light amber....| Acid......... Keep warm and ventilate for home use 
307 1.4 a 1.29 | None | Light amber. ...| Watery Hold in warm place; use for standardizing 
208 Peak 1.67 | ++ | Amber.......... Normal....... Ventilate and keep warm; for home use 
309 ADH tes ae areas ++ | Cloudy......... Normal... ... Market standard 
310 14 05 esa Cloudy... a=. Watery N.G. 
311 09 .09 |}+++] Cloudy white..| Weak........ Inoc. with yeast 
312 0.8 67 ae oe Cloudy white...| Weak........ Ince. with yeast 
313 Onva 31 ierer Cloudy white...| Weak........ Inoc. with yeast 
314 0.4 ae .14 | ++ | White.......... Olly. seen Tnoe. with yeast eS 
315 air 04 ao Avober.\ieusee Normal... ... Ventilate; keep warm; for home use 
316 05 14 | None | White.......... Bittereec ae N.G. 
317 ahs (aa aw nce ea +— | Amber......... Normal......| Ventilate and keep warm 
318° 0.4 2.38 Paine Ambet. i. cee =, Bitter........ Inoc. Bact. aceti; for home use 
BADE ieee 3,4 | None | Amber Alcoholic... Ince. Bact. aceti 


en 
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Table. 
Sample poe Al Zo 10° Sugar Color Flavor Suggestions 
7s ed ie cohol by Weight 2 
320 0.7 0.15 |+++)] Light amber....| Weak........ Inoe. with yeast 
321 1 0.78 | Trace} Amber......... Weak....... Use for standardizing 
Efe 322 23 0.12 + Biers. hee Normal......| Use for standardizing 
323 Zea 0 38 + gS 111 ie ie ae ae Normal..... Use for standardizing 
324 3.4 1.84 | +— | Amber......... Normal...... Ventilate and keep warm 
325 oe 3.0 1.52 | +— | Amber........ Normal...... Ventilate and keep warm 
326 0.4 2.2 | None} Light amber. ...| Alecholic..... Tnoc. Bact. aceti; for home us2 
327 08 7.8 | None} Amber........ Normal......| Inse. Bact. aceti 
328 06 7.05 | None | Light amber....| Normal... ... Inoe. Bact. aceti 
329 2-2 3.4 | None} Light amber. . Normal...... Ventilate and keep warm 


Food, Silage Poisoning. 


Seven samples of silage, two of bran, two of oats and one of oat straw 
were received for analysis. All samples were suspected of causing forage 
poisoning. With the exception of one sample of bran and one of oats 
nothing was found to indicate that poisoning was due to toxin produc- 
tion. The one sample of bran and one of oats were each found capable 
of producing a toxin in peptic digest broth sufficiently toxic to kill a 
guinea pig in 12 hours with symptoms resembling those of botulism. 
As the laboratory did not possess botulinus anti-toxin at this time, a 
positive diagnosis of botulism could not be made. However, cultural 
and morphological characteristics resembled those of B. botulinus 
poisoning. 

The table below gives data on food samples analyzed during the past 
year. 


Table. 
Food Condition on receipt Method:at Organisms present Recommendations 
anning 

Brussels Sprouts...| Good.............. @oldipaeksre sy None te agrins sie etetee Se None 
Mixed vegetable...| Springer............ Commercially | Spore-forming rod. Thermo- | Discard all springers and swells 

canned ..... phile. 
Asparagus... ..... Soft and cloudy. Water bath Many organisms present Use higher temperature in pro- 

Butyric acid odor Cold pack cessing and rapid cooling 

Choeblate extract...| O0Un- 5.95. toes one eo ee ee Yeasts 


A study of flat sours commenced by Mrs. Wyant was completed and 
presented as a Technical Bulletin. 

Fifteen autogenous bacterins have been made for the treatment of 
boils and chronic infections. Six complete blood counts have also been 
made. 
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Treatment of intestinal disorders with B. acidophilus milk has been 
continued with favorable results. 
[ROBERT L. TWEED. | 


As indicated above, Mr. Ruehle has taken over the study of intestinal 
bacteriology with special reference to B. acidophilus. Much needs to 
be done, not only with this bacillus but with related species or even 
unrelated species significant in determining the health of man in so 
far as it is affected by microbial processes in the alimentary tube. Both 
in the commercial field and in the realm of pure research much might 
be done to advantage. Mr. Ruehle will have very limited opportunities 
because of pressure of teaching and other experimental projects, pro- 
gress on which is in the nature of things very slow. Furthermore the 
greatest good will fail to result from research in dairy bacteriology until 
the applications can be made of pure bacteriological studies in dairy 
operations themselves. This we can accomplish only by co-operation 
with the Section of Dairy Husbandry which has been repeatedly recom- 
mended in previous reports. 

In this connection a quotation from the presidential address of L. A. 
Rogers, read before the Society of American Bacteriologists in Detroit, 
December, 1922, is pertinent and its length pardonable. 

“Although the results of research are of no immediate value unless an 
application can be shown, few laboratories outside of the industrial in- 
stitutions have any organization for the specific purpose of applying 
new facts and theories to practice. It does not necessarily follow that 
results are lost because no special provision is made for their utiliza- 
tion, but it is no doubt true that many valuable results are overlooked 
and forgotten, because the investigation could not be carried to its 
logical conclusion. 

If Mendel, instead of being an example of the highly individualistic 
type of investigator, had been a part of a modern research organization, 
the basic law which he discovered would not have been buried for years, 
but would have been put into practice at once to the great advance- 
ment of plant and animal breeding. Some investigators do not con- 
tinue their investigations when they reach the applied stage because 
their tastes lead them to new paths in unexplored fields. In other cases 
the necessary equipment may not be available, or the branch of human 
activity to which the results may apply not at hand. The equipment 
heeded may be a factory, a farm, a water system, or a hospital. The ex- 
pense and in some investigations the danger to human life may be so 
great that it becomes advisable to follow the laboratory study with 
larger but still limited controlled experiments. 

This is generally recognized in industrial laboratories where pro- 
vision is usually made for carrying on investigation through the laibora- 
tory, through a miniature factory test and finally through a full scale 
factory operation. 

In bacteriological work the same course is frequently followed, al- 
though the analogy may not be evident at first glance. The soil bacter- 
idlogist has his pots and experimental plots, the pathologist has his 
animals and hospital wards. 

The efficiency of many other lines of investigation would be greatly 
increased if definite provisions could be made for carrying investiga- 
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tions to real completion without unnecessary delay. While in some 
cases it is real economy to encourage an investigator to turn to new 
problems of a basic nature, leaving the application of his results to 
others, as a rule the man who develops new principles is the one best 
fitted by interest and knowledge of the subject to apply them. 

Many processes which work well in the laboratory develop defects 
when tried on a large scale. Many new methods of real value have never 
gotten beyond this stage, because there was no one with sufficient inter- 
est or technical knowledge to adapt the process to the new conditions. 
Thus there is a great economic loss which can be overcome by proper 
organization. 

And, finally, to complete the work it is necessary to carry the results 
to that part of the public which is directly concerned. Is the task com- 
pleted when a technical paper is published in a scientific journal? If 
its value lies in its use in investigational work it is usually sufficient to 
make it available to other scientists but if it is something which affects 
established practices it is only a beginning. The inertia of “public opinion 
cannot be overcome so easily. Even the medical profession, accustomed 
as it is to rapid advance, cannot always be reached by the printed word 
alone. New developments in agricultural science permeate very slowly 
through the journals, the text books, and the teachers to the farms. 


Report of Research Associate G. L. A. Ruehle. 


As in previous years, the work of a popular nature consisted of answer- 
ing letters relative to dairy and creamery hygiene. Several minor 
problems have also been studied during the year, but none of them 
yielded results of interest but two. One of these was no nearly related 
to my major problem that the results will be reported at some future 
date, and the other is being continued since more material for study- 
ing is still available. The latter is concerned with a study of the cause 
oi liquefaction of a gelatin imbedding medium which contains con- 
siderable arsenic and in which considerable heat is used in the process 
of manufacture. The medium with its contained pathological speci- 
mens remains solid for several years, when it spontaneously starts to 
liquefy, usually in the deeper portions. When once. the liquefaction 
starts (as a small bubble) it progresses rapidly until the whole mass 
of medium is liquefied. At the present writing several bacterial species 
have been isolated some of which can grow in the presence of 0.5 per 
cent arsenic trioxide, but none of these organisms were present in con- 
siderable numbers. The problem may be related to one of those being 
studied as a major problem and discussed below. 

The research work on Adams 1b has been carried on as outlined in 
my report of last year. About 200 cultures isolated from off-flavored 
butters have been studied for their ability to produce off-flavors in 
sterile milk. Some very interesting data have been secured which will 
be published as soon as the identifications and descriptions of the cul- 
tures can be completed. This will probably be done within the next few 
months. 

The work on the ability of spores and dead bacterial cells to release 
enzymes significant in the spoilage of butter, is being continued with 
interesting “results. A paper entitled, “The enzymic content of bacterial 
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spores” was read at the Detroit Meeting of the Society of American 

Bacteriologists December 29, 1922. This paper was then submitted to 

the Journal of Bacteriology. 
[G. L. A. RUEHLE.] 


Last year the work of preparing and dispensing pure cultures of the 
nitrogen-fixing bacteria was in the hands of an assistant who resigned 
at the close of the year. This work is not simple routine but of such 
a nature that great skill and close attention are demanded with every 
operation. Damage of a negative character may result from careless- 
ness in any step in the process. It seemed advisable to put this work 
back into the hands of Dr. Snyder where we would be assured it would 
not be neglected. The only disadvantage in this plan is that it inter- 
feres with the research work on the decomposition of peat. However, 
Dr. Snyder has been able to keep his project in operation. His report 
follows: 


Report of Research Associate R. M. Snyder. 


During the past year the studies on the bacterial decomposition of 
peat have been continued. The peat cylinders have been cropped as in 
previous years, and the crop threshed in order to determine the amount 
of seed, leaf, and stem material. Samples of the peat and drainage 
waters have been collected from each cylinder for further bacteriological 
and chemical study. The buckwheat crop obtained during the year 1920 
has been rethreshed in order to obtain more information regarding the 
distribution of plant food between stem and leaf material. Studies 
have been carried on in the greenhouse on the inoculation of peat with 
pure cultures of cellulose decomposing organisms, and it is planned to 
continue this work in the future. 

The course in Soil Bacteriology was taught during the Fall Term, 
and repeated during the Winter Term. The course in Agricultural 
Bacteriology for the short course students was also given during the 
winter. 

Exhibit and demonstration material illustrating some of the more 
important phases of Soil Bacteriology was prepared for the State Fair 
and several county fairs. Plates and cultures illustrating various groups 
of soil organisms have been prepared and sent to a number of teachers 
of biology and agriculture in the secondary schools of the state. 

The distribution of legume cultures to Michigan Farmers at cost 
has been continued as in previous seasons. Certain features concerned 
with the production of these cultures in the laboratory have been im- 
proved and. simplified, making possible a saving of time for all con 
cerned, and consequent reduction in cost of production. For instance, 
a technique for inoculating the cultures has been worked out which 
permits a single operator to inoculate between one and two thousand 
cultures per hour. We are greatly indebted to the county agents and 
farm bureaus for their aid and co-operation in this work. We have 
reason to believe that the legume cultures are of educational as well as 
economic value, in that through them, the farmers’ attention is called 
more directly to some of the factors which are concerned in soil fertility. 
The distribution of legume cultures during the past year, tabulated ac- 
cording to month and crop, was as follows: 
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Distribution of Legume Cultures, 1922-1923. 


Al ep) RG) Ask, (8) B || FB Ge Bo | FP. |: P| GP: Vv, | Total 


i he a 2 ee ee ee 1,185 148 40 4 198 Pl arses 5 1S] o5 2 Sr 58 1,658 
PMI 273 Th Ser os So 2,017 148 91 | 14 1a he aby clsen ions es ere aeaay an eee iw 256 2,527 
September........... 797 112 58 58 Sb) ace eee |S se ede leo eed | ar Se a Ce eo 348 1,324 
EDIMAT Ysa. 000.0 +202 - 11 9 Meee est Sale corre cate Naar eettetn tae aectca| Seater 3-8 [larernctarers eee apereAl Mea oz hea 21 
1 ENC) en aie ele ae 577 261 230 1 al (eget (ee Seis ae a (ee BM Iioca ere rare 1,092 
LAT Seen 5,158 | 1,281 893 Git laces a 1 3 OOM rete cee. 9 89 7,594 
\ ENG ee 2 ee 3,348 712 179 19 | 1,636 110 i 94 224 10 20 6,359 
LEECH eee ite 1,830 121 69 5 | 1,286 175 1 Ms) Eosee ears 162 3 5 3,757 
tale fost eee 14,923 | 2,792 | 1,561 122 | 3,124 388 11 207 404 24 776 24,332 


Alf.=alfalfa. S.C.=sweet clover. R.C.=red clover. Alsk.=alsike. S.B.=soy bean. F.B.=ficld bean. G. P.=garden 
pea. IF. P.=field pea. C. P.=cow pea. G. P.=garden pea. V.=vetch. 


[R. M. SNYDER.] 


Mr. Cooledge is making forward strides in his studies on market 
milk. He has a new and refreshing point of view. His report indicates 
fully what he has undertaken and what he has accomplished. 


Report of Research Associate Cooledge. 


During the past year I have continued work upon project Adams 3a, 
which has the following for its object: 

(a) A study of methods in use at the present time for determining 
the bacteriological condition of dairy products. 

(b) An attempt to develop new methods where the old are found in- 
adequate. 

(c) <A study of bacteriological problems relating to market milk by 
means of tests developed under (a). 

Two papers covering work upon this project have been completed dur- 
ing the year and submitted to the Director for publication in bulletin 
form. These are: “The Colorimetric Hydrogen-ion Determination as 
a Means of Locating Faulty Methods at City Milk Plants,’ and “Paying 
for Milk on a Quality Basis as a Means of Improving the Supply.” This 
latter paper was written in co-operation with Professor O. T. Goodwin, 
recently of the Dairy Husbandry Section. 

Work which is under way in co-operation with Professor J. E. Burnett 
of The Dairy Husbandry Section is progressing satisfactorily and the 
first report will soon be ready for publication. This has to do with 
the relation of discarding the fore milk to low bacterial counts in the 
production of high grade market milk. 

During the year, Mr. Howard Estes, City Milk Inspector, Flint, Michi- 
gan, submitted a report entitled “The Practicability of the pH test as a 
means of City Milk Control. This fulfilled one of the requirements for 
the degree M. Agr. which was awarded to Mr, Estes. 

The following brief report is submitted : 
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A Study of Methods for Bacterial Analyses of Market Milk. 


Bacterial counts of milk made wpon different kinds of media vary 
considerably in number present per cubic centimenter. This is due, 
largely, to the composition of the media used. As one kind of medium 
is most suitable for the growth of certain types of bacteria it will give 
higher counts than other media when that particular type of organism 
predominates. If another type or organism predominates in the milk 
another medium may be expected to give the highest counts. 

It occasionally happens that a sample of milk with a count of 100,000 
bacteria per cubic centimeter upon one medium will have a count of 
only half that numbér upon another medium. With other samples 
of milk the reverse may happen. Usually, however, certain media tend 
to give the highest counts, while other media tend to give the lowest 
counts. 

The usual reason for making bacteriological counts upon milk is to 
get an idea of how carefully the milk has been handled up to the time 
that the sample was taken. If the bacteriological count is low we as- 
sume that the milk has been handled in such a careful way that good 
keeping quality and reasonable safety are likely. If the count is very 
high we suspect that the milk has been so carelessly handled that good 
keeping quality cannot be expected and safety from disease producing 
organisms is in doubt. 

As a member of the committee upon methods of bacterial analyses of 
milk and milk products appointed by the International Association of 
Dairy and Milk Inspectors, I undertook in 1921 to show the value of 
plate counts obtained upon four kinds of agar commonly used in milk 
work and to show the relation of the counts to the pH score. (1) 

Early results of this work have been included in the committee re- 
ports (2) but my work has been continued and extended. 

The methods used in this work are the 1921 Standard Methods for 
Bacteriological Examination of Milk, published by the American Public 
Health Association. Bacto Agar used in Group No. I and II is out of 
Lot No. 10445 which was furnished by the Digestive Ferments Company 
to members of the committee. Other Bacto Agar was out of regular 
stock. Milk-powder agar was the milk-powder Agar A described by 
Ayers and Mudge.  (3.) : 

Media were adjusted to pH 6.5-6.8 where necessary. It was not neces- 
sary to adjust the reaction of Bacto Agar and Agar A. 

Group No. I includes 36 samples of milk, 18 of which were taken upon 
a warm day and tested at once. The other 18 samples were taken from 
the same patrons’ cans a few days later, but upon a very cool day. 

Group No. II includes 48 samples of milk, 24 of which were plated 
upon four kinds of media and pH score determined. The samples were 
then incubated at room temperature for two hours and retested. 

Group No. IIIf includes samples of milk plated upon different media 
and incubated at 37°C. for one hour and retested. 

I assume that the samples of milk in Groups IT and IIT when plated 
the second time should be in poorer condition bacteriologically than 
when they were tested the first time. If this is true the method which 
shows the samples in poorer condition most consistently when tested the 
second time would be the best method, 
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Comparing the tests and retests on all of the samples of milk in Groups 
If and IIT using both the pH method and counts in various media, the 
sensitiveness of the methods appears as follows: 


1218 GASTON oie tetas ale ee a 91.0% efficient 

PACtO—AOAT Sih aes See Sues toy OO. 0 70~ CLICIENE 

Meat infusion agar .......,. 66.6% efficient 
5 / 

Milk powder agar A........ 63.3% efficient 

Beceextract ata soe ek 60.6% efficient 


Greater sensitiveness of methods would be expected if the samples 
have a high initial bacterial count. Methods which show poorer condi- 
tion upon retest of samples with low initial counts should be the most 
valuable. 2 

If only those samples of milk having a retest average count of under 
25,000 bacteria per cubic centimeter are considered the efficiency of the 
various methods and media is as follows: 


REL SCULE Goss e ea ea ants 84.6% efficient 
RECO ae aI co oe. 6 oto toe ots 61.5% efficient 
PCEUSIOM AGAR. oo) since Laceisse.ss 30.0% efficient 
02.27 1 ah A ee ge eee a 30.0% efticient 
BGR ACh AO wis eturegy some peics 23.0% efficient 


Considering only those samples having a retest average count be- 
tween twenty-five thousand and 100,000 the results are as follows: 


PORE EUR oo ocr seumapeetacaint sees toe 85.7% efficient 
EN EUSTON aoa E cecanegs sean aes 85.7% efficient 
AOA SA Sees atta tees, vd holes e 85.7% efficient 
PER LHACI eee. were. cea 71.4% efficient 
DACLO-DGaioe .as Mite ss Sees 28.5% efficient 


The samples of milk haying retest counts between 100,000 and 1,000,- 
000 bacteria per cubic centimeter give the following results: 


Pir SGOT Beret 5) cee Pact snaeteas 100% — efficient 
LATEWSION AMAT ie eee! eee oes 100% — efficient 
Paco a mais 5 das oie See 80% efficient 
ERirdel Beare. 2 Sate 80% efficient 
Milk pow der-agar occ. ociox: 60% — efficient 


Samples of milk with retest counts of over 1,000,000 give results as 
follows: 


Pil BCORE: poke Gotha ote nea s 100% — efficient 
ACES PAT i trees chim mortises 100% efficient 
HRCA CE MAPA TE rel creasae wae 100% efficient 
EDI reas cet esre tthe: coat Simi eae 100% — efficient 
ERP USOM-AGAT si. uses asset a. 87.5% efficient 


The pH score of the samples of milk after incubation was at times 
the same as before but it never indicated that the milk was in better 
condition after the samples had been subjected to the short incubation 
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period and retested. In three instances the pH score indicates that 
the milk was in no worse condition after incubation than it was before. 
These were samples of milk which were unusually good by this method 
when tested the first time. 

In certain instances the samples of milk tested with the different 
kinds of media before and after incubation gave results which indicated 
that they were as good after the incubation as before. The samples 
may be classified as shown in Table No. 1. 


TABLE I. 


Condition of milk samples upon retest ater short incubation period. 


How Tested Poorer No Change Better 
Meat extractapan sect} jst ys 22 cee etter enatilon ee RCL ee eee 20 1 12 
Milk powder agar A.......... Bee MOT TT 5 eels STE rE Set Pee 20 2 ll 
BRCLOMPALS. Sere oma cee eS OR eo as Ie : : Sie : 21 1 11 
Mest infusioneagan. 22. SA-, ver ueend helene oa aa AS <a ee BEA 22 Z 9 
pH score. .... 5 epee oe ity ree : Fe ian eee Tee oe 4 29 3 0 


It seems that after the treatment which the above samples received, 
efficient methods should show the samples in worse condition upon re- 
test. A few of the samples which were in very good condition at the 
start might show no change upon retest, but certainly a reliable method 
should not indicate that a third of the samples were in improved con- 
dition. 

Many investigations have been made to determine the most suitable 
media for milk work. It has usually been concluded in these studies 
that the method giving the highest counts is mest efficient. It is argued 
that the medium giving the highest counts comes closest to giving 
counts which represent all of the bacteria present in the milk. There is 
a failure to agree upon the medium giving the highest counts. The 
reasons for this failure are considered below. 
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Kffect of medium on total bacterial count. Comparison of 102 bae- 
terial counts obtained with 


Meat infusion agar. 
Meat extract agar. 
Milk powder agar A. 
Baeto agar. 


Pete 


A tabulation of the samples of milk in Groups J, II, and IIT with 
average bacterial counts below 10,000 per cubic centimeter when plated 
upon four kinds of media shows that Bacto agar gives the highest 
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counts and that milk powder agar A is next, with meat extract agar 
the lowest. When samples with 10,000 to 25,000 bacteria were studied 
the counts upon milk powder agar A are the highest with meat extract 
agar next and meat infusion agar giving the lowest counts. 

If a preponderance of samples with low counts is present one in- 
vestigator might be expected to find one medium giving the highest 
counts while another investigator studying a poorer grade of milk would 
find that another medium would give the highest counts. 

The 102 samples of milk in Groups I, II, and III gave average counts 
upon the four kinds of agar as shown in Graph No. I. 

When these samples were divided into groups depending upon the 
average count upon the four kinds of agar the medium giving the highest 
counts for the different groups is indicated in Table IT. 


TABLE II 

Number of bacteria perce. Average with 4 kinds of agar Bighesoy erage Missi pales Next lorecst lene gt <A 
Wuder10:000 See tsssca cose ek BPE Sao SESE Bacto agar Agar A Infusion agar | Extract agar 
102 000 75-252 000 ios 2 ates fsck pa teins ese eat oar Agar A Extract agar | Bacto agar Infusion agar 
FF OOO O05 OOO sr sats es Searere tora ate aoese > Map eaee Mee once ce Bacto agar Ager A Infusion agar | Extract agar 
5070001005000 sc inon ine ben nieteeiee ace a Bacto agar Agar A Infusion agar | Extract agar 
100; 000== 77200000) 6 32n2 cn teee poe Ce ....-| Bacto agar Agar A Infusion agar | Extract agar 
20050001, 000300020 Sass ieee regs Agar A Infusion agar | Bacto agar Extract agar 
Overnl 0005 C00 ees tenes Garin tia ieeekes< ee Bacto agar Agar A Extract agar | Infusion agar 


The average bacterial count of samples tabulated in Groups. No. 
I, If and III when arranged according to their pH scores indicates 
that while the pH score does not check with the bacterial count in many 
cases, it does check in a general way. Samples scoring 75, 70, 65, 60, 
-and 55 because of the small numbers of samples in the various groups 
do not check when taken separately but do check when arranged to- 
gether as shown in Table No. ITI. 

The samples of milk scoring 50, 45, and 40 show a decrease in bacterial 
count. This is probably due to the fact that some of the inert types find 
the increased activity of the acid bacteria unfavorable. 

This table does not include the nine samples of milk in Group III 
which were incubated at 37° F. or the two samples of pasteurized milk 
in Group I. 


TABLE NO. III 


Showing the relation of average bacteriological counts and average of pH scores. 


: Withea Average bacterial 

Number of Sample H OE f count on four 

ere kinds of media 
RTE TR porarl a taer cacoire arco ee aaa eee Se ee eg Be ae TREO OOS 100 11,300 
A ieee tess eed Pnverstenetiba 5 casas ete See ea ca ae Te aes ene ieee T 30 95 34,200 
1) Oe Sapa ee A eS AT De PE Se ae rs ETT She beat RE BRE Gene 90 44,600 
A ae ran ae Sr a Le Nh PN oe ye LE Berar ae NS, ET RR N ene oN 85 63,500 
1 eae are no =i ee ae Aa a A re, eg ae eee ec Tes Pe aren verre nr be 24 80 92,800 
2} eh SAE en a 5 ORE Ceo ans Serie iw ee I AMD eae lS re Br et Wat petaek 75, 70 150,000 
1B Oto ees ane oe A mon or ek at a eaters Re ree pene er ae. Vee ie ese ate: 65, 60, 55 562,000 
BAIS ence PM SM Re Be peer seok aeaedd pee DO Aa Gear ee take hes 50 5,086, 000 
LE he SoBe TR ees eee ee oe OER teats Btn htitee tine Se renee ered 45 4,178,000 


ARE SSMS 5 ped meee Bcd et RS ee PIERO ASI nat Fk oe Pee ane Meters” 40 2,714,000 
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SUMMARY. 


When plating methods are used, no one medium should be expected 
to give results w hich indicate correctly the condition of all grades of 
milk. 

The pH score proved more efficient as a means of detecting slight 
changes in the history of milk than did the plating methods tried. 

The methods as a whole were efficient in detecting slight changes in 
‘the history of the samples as follows: 

In samples with bacterial counts under 25,000—45.8% efficient. 

In samples with bacterial counts between  25,000-100 000 —11.476 
efficient. 

In samples with bacterial counts between 100,000-1,000,000—85.0% 
efficient. 

In samples with bacterial counts over 1,000,000—97.0% efficient. 

It seems that the medium giving highest average counts depends upon 
the predominant groups present in the sample studied. This may ac- 
count for divergent results obtained by various workers. 
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[L. H. COOLEDGE.|] 


In connection with the work of Research Associate Huddleson, I 
wish to make a recommendation that has a far-reaching significance. 
Immediate steps should be taken to provide for all experimental work 
on animal diseases in a manner that meets the needs of the projects and 
at the same time conserves the interests of the sections of Dairy, Animal 
and Poultry Husbandry. It is not alone the work with infectious abor- 
tion but also that on poultry diseases and parasitic infestations that 
demands suitable housing. Now that the direction of this work has 
been centralized it seems opportune to make adequate provision for all 
the work. 
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At least forty acres sufficiently remote from the animal husbandry 
operations should be set aside for experimentation with animal dis- 
eases. As rapidly as the finances of the Station permit, buildings should 
be constructed and equipped to make the conduct of the research possi- 
ble. The development of such a program should proceed consecutively 
and as the obvious needs warrant. There is no demand for a lavish ex- 
penditure with a view to the early completion of an ideal establishment. 

Mr. Huddleson has been handicapped by lack of assistance and funds. 
He has made progress, however, as his report demonstrates. 


Report of Research Associate I. F. Huddleson. 


During the past year my entire time has ‘been devoted to the project 
under Adams 3b, the study of bovine infectious abortion. 


The following problems are being investigated at the present time 
many of which may project into the future. 
1. Educational. 
2. Diagnosis. 
(a) Clinical. 
(b) ‘Serological tests. 
(c) Allergic tests. 
5. Carriers (Temporary and Permanent). 
(a) Conditions involved in establishing carriers. 
(b) Determination of carrier state. 
(c) Channels through which the organism is excreted from the 
body. 
(d) Habitat of organism in body. 
(e) Destruction of carrier state. 
Channels of infection. 
Control. 
(a) Sanitation and isolation. 
(b) Immunization. 
Cultural Studies. 
Swine abortion. 


cos 


as 


1. Hdueational. 


There is now available sufficient information concerning infectious 
abortion which, properly and intelligently applied, will control the 
spread of the disease in the infected herd and prevent its entrance into 
the non-infected herd. 

In order to make progress in the control of infectious abortion it is, 
necessary that certain available agencies make known to the breeder 
and the veterinarian the truth about the disease and the proper pro- 
cedures to apply. In other words an educational campaign should be 
undertaken through all available sources. 


2. Diagnosis. 

The clinical studies are confined largely to obseryations in the ex- 
perimental herd, in the field and to reports. 

Although the serological tests (agglutination and complement fixa- 
tion) have proved to be a reliable means for diagnosing infectious abor- 
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tion in eattle and swine, there are certain phases of the technic of the 
test which need improving. 

From these studies during the past year has evolved a paper. “The 
anti-complementary property of fresh bovine serum,” which has been 
submitted to and accepted for publication in the Journal of Infectious 
Diseases. 

Additional studies are reported here as follows: 

A Serological Study of Several Strains of Bact. abortus (Bang). 

When a certain microbe is found to be the etiological factor in a dis- 
ease process, it is necessary that a detailed study be made of a number 
of strains of the microbe in question in order to determine if there exist 
different antigenic groups or sub-groups, and their possible relation to 
a2ach other. The detection of antigenic difference in different strains of 
an organism serves a two-fold purpose: namely, further to aid in the 
diagnosis of the disease and the selection of strains for immunological 
purposes. 

In grouping Bact. melitensis Fusier and Meyer (1) included several 
strains of Bact. abortus in the study. Their data show that Bact. 
abortus falls into one group, namely Group I of the melitensis classi- 
fication. 

This paper represents an attempt to detect possible serological dif- 
ferences of several strains of Bact. abortus and to place them in groups 
or sub-groups accordingly. 


Method of Study. 


A number of cultures of Bact. abortus which were collected from 
different parts of this country and Europe should serve as a fair repre- 
sentative of all strains now in existence. From these strains antigens 
were prepared for the agglutination test and employed against blood 
sera from aborting animals located in different parts of this country. 
By proceeding with the study in this manner instead of employing the 
usual scheme for determining serological differences in strains of an 
organism, it seems reasonable to believe that the particular group of 
organism infecting animals in different parts of the country might also 
be found. . 

The histories of the various strains of Bact. abortus used in this study 
appear in Table 1. They are practically the same strains as were used 
in the pathogenic studies (2). The groups of Bact. melitensis were in- 
cluded for the purpose of determining their serological relationship to 
infectious abortion. 

The source and origin of the various samples of blood sera are as 
follows: 


Number 1. Collected from three-year-old cow in Experiment Station 
herd. No history of abortion infection. 

Number 2. Collected by Professor D. H. Jones, Ontario Agricultural 
College, Guelph, Ontario; four-year-old cow, aborted first and second 
calves from natural infection. : 

Number 3. Collected by Dr. Beach, University of California, abortion 
history not given. 
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Numbers 4, 5, 6, and 7. Collected by Dr. Fitch, University of Minne- 
sota. Abortion history not given. 

Number 8 Collected by Dr. L. L. Lewis, Oklahoma A. and M. College, 
from a cow which aborted a six months fetus; natural infection. 

Number 9. Collected by Dr. Hallman near Traverse City, Michigan 
from a cow two weeks after abortion; natural infection. 

Number 10. Same source as number 9; collected one week 
abortion. 

Number 11. Collected from four-year-old cow in Experiment Station 
herd one month after abortion; natural infection. 

Number 12. Collected by Dr. Connaway, University of Missouri, from 
eight-year-old cow; aborted fifth calf; natural infection. 

Number 13. Same source as number 12; from four-year-old cow; 
aborted second calf; natural infection. 

Number 14. Same source as number 12; from eleven-year-old cow; 
aborted first, second and fifth calves; natural infection. 

Number 15. Same source; from three-year-old cow; aborted first 
calf; natural infection. 


after 


PATHOGENICITY OF BACTERIUM ABORTUS (BANG). 
TABLE I 


Showing History of Strains of Bact. Abortus Employed in the Comparative Studies 


Strain Date if Isolation Origin 
List ory esis hang eae ee ones Unknown........... Received from Bureau of Animal Industry prior to 1915 
Vette Tg et o9-1 WRN Sie S POPS ce se Aborted fetus (from Herd A). 
Bidet os Stan Brae har Panels eT eee chon eee Sa Oe ROS Picton is dnctrets kee Aborted fetus (from Herd A) 
(TRESAT tet pies Meta ee LOUD S as ionatle Os os Udder of Cow 995 (Abortion Experimental Herd) 
Y fpr acta ging eat Peto SE ee Peete tcl CU RILO Wl eees aie each In laboratory prior to 1916 : 
DGiepe et ese ee Re nde hot tae dune 10a. ers Aborted fetus, Owosso, Michigan 
oie ..| May, 1919. . ...| Placenta of cow following abortion, Ubly, Michigan 
OIUS Ses Fa, tone Bete Oe et as Daa 9 ee Decxmber, 1919.....| Aborted fetus (Herd D) 
22 September, 1919....| Aborted fetus (from Herd A) 
805.. May 1919s Ss Ties: Placznta of cow 805 following abortion (Abortion Expari- 
mental Herd) 
( OReeaER Rieter iH eke tee cee MaschrelOlis oases Aborted fetus (from Herd A) 
NEE to eeanane oes Mi Slee alate ae ke ts HU KMOWUE Ces erates oe Received from Wisconsin University, 1915. 
A fe es AS ne (eee = Sol Ficd A) eee Sen eee ea Aborted fetus (from Herd B) 
| EAR es Sele en eal 2 aera : .....| Prior to 1916.......}| Unknown 
Germany....... aE Te Unknown. 2.22 Obtained in Germany in May, 1919 
Bing landeiiciosssk cts seeps Unknown... ....-.... Royal Veterinaty College, April, 1919 
(Hier ene eee Prarie 98 oF February, 1920..... Udder of cow (from Herd A) 
LOO eee JUNE MeO 20 see se Udder of Cow No. 100 (Abort. Expt. Herd) 
200. January, 1920......| Udder of cow No. 200 (Abortion Expt. Herd) 
Ties eee: December, 1920.....| Aborted fetus (from Herd A) 
TAS wine. Stale esr eee March, 1920........ Aborted fetus of sow near Lansing, Michigan 
DEOIOES MINGsea ee ceteris ae trees ae Received 9-3-20....} Dr. Graham, Illinois University 
te Melitensisiccere-sc totes ee eee Received 1-19-20...| American Museum of Natural History 
DB -MeITeNSIS: accasitccs canort neers Received 5-15-21...| Doctor Meyer, University of California 
DOM GNEBDBIS Se sateen es tee ae Received 5-15-21. ..| Doctor Meyer, University of California 


Agglutination Test. The several antigens were prepared by growing 
each strain of Bact. abortus on liver agar (pH 6.6) in Kolle flasks for 
forty-eight hours, removing the growths with physiological salt solution 
plus 0.5 per cent phenol, filtering through sterile gauze to remove 
clumps, mechanically shaking for four hours and finally standardizing to 
a turbidity of three by the McFarland nephelometer. In the tests, two 
cubic centimeters of the antigen were placed in each of four small test 
tubes and serum added in the following quantities: 0.05, 0.025, 0.01 


EXPERIMENT STATION REPORTS. 193 


and 0.005 ce. The tubes were incubated at 37° C. for eighteen hours 
and the results recorded as follows: -+- = complete clumping, P = 


incomplete clumping and 0 = no clumping. The degrees of incomplete 
clumping are not recorded here as it is doubtful if any two workers 
would read the degree of clumping alike. 


Results of Study. 


Table II illustrates the degree of agglutination of twenty-one strains 
of Bact. abortus by fifteen different bovine sera, fourteen of which were 
from animals which had aborted from a natural infection, and one, 
number 1, had no history of ever being infected. Incidentally, the con- 
centration of agglutinins in each serum examined varied widely. Such 
variations are of considerable aid in separating out slightly different 
groups of the organism. <A “pro-agglutinating” serum (No. 10) was 
encountered at this time and introduced into the group. There was 
little or no difference in the degree of pro-agglutination for the several 
antigens employed. In studying this phenomenon, it was found that if 
the density of the antigen was lowered the dilution of serum in which 
pro-agglutination occurred was increased, but if the density was _ in- 
creased to a certain degree the negative has disappeared, and complete 
agglutination occurred in all tubes. 

It is evident from the tabulated results that there is no difference in 
the agglutinability of the several cultures of Bact. abortus: occasion- 
ally a serum would fail to agglutinate one or two strains to the same 
degree, but as these results would often be reversed in other sera, it was 
decided that the variations were due to the failure of placing the exact 
amount of serum in similar tubes. The failure of serum number 11 to 
agglutinate a single antigen is of considerable importance as it gave a 
complete fixation of complement in 0.005 ¢c.c. The sample was taken 
from a cow shortly after abortion. 

The group to which Bact. melitensis I. belongs is not known. It may 
be noted that it is only appreciably agglutinated by sera from animals 
infected with Bact. abortus. Bact. melitensis No. T belongs to Group 
II, and 22 to Group IV as found by Fusier and Meyer (1). Bact. 
melitensis 27 appears to be agglutinated by all sera to the same degree 
as the strains of Bact. abortus, while 22 was not clumped by a single 
serum. 

The agglutinability and the pathogenicity of Bact. abortus appear to 
be separate and distinct properties, neither of which is indicated by the 
other. Old, non-pathogenic strains are as agglutinable as newly iso- 
lated strains. 
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TABLE II 


Comparative Agglutination Studies on Twenty-four Strains of Bact. Abortus with Sera Nos. 1, 2 and 3 


Serum No. 2, Dil. Serum No. 3, Dil. 


Serum No. 1, Dil. 


Strain 


005 


Wella sete crt ace merece eRe: 


MGI EST ey imtoty, (ae Aearatacte nies 


ZULOS Swerve. ho Ge okennieeee ee 
AS WAN Garter 8 olaeratae, meeeneieteraaate 
ing lanidetek tote Bc cen eee eee 
Germanys ere pie 4 cee eee 
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Comparative Agglutination Studies on Twenty-four Strains of Bact. Abortus with Sera Nos. 4, 5, and 6. 


Serum No. 5, Dil. Serum No. 6, Dil. 


Serum No. 4, Dil. 


Strain 
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Comparative Aggultination Studies on Twenty-four Strains of Bact. Atbortus with Sera Nos. 7, 8, and 9. 
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Comparative Aggultination Studies on Twenty-four Strains of Bact. Abortus with Sera Nos. 10, 11, and 12. 
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Comparative Aggultination Studies on Twenty-rour Strains of Bact. Abortus with Sera Nos. 13, 14, and 15. 


Serum No. 14, Dil. Serum No. 14, Dil. 


Serum No. 13, Dil. 


Strain 
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SUMMARY. 


There does not appear to be any individual difference in the agglutina- 
bility of 21 strains of Bact. abortus procured from different parts of this 
country and Europe. Taking the agglutination results on fifteen sera 
as a criterion, there does not appear to be any difference in the type 
of Bact. abortus which invades the tissues of animals in different dis- 
tricts of this country. 
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The Influence of Different Preservatives on the Agglutinability oj 
Bact. abortus. 


It is of considerable practical importance that the sensitivity of the 
agglutination test for the diagnosis of infectious abortion should be 
fully developed. In view of the fact that the addition of foreign agents 
or material may affect the agglutinability of the antigen, the influence 
of different preservatives such as phenol, tricresol, ether, formalin and 
no preservative are herein considered. 

The antigen was prepared in the manner previously described and 
suspended in physiological salt solution. To a series of suspensions 
were added phenol to 0.5 percent, tricresol to 0.1 per cent, formalin to 
0.5 per cent and ether to 0.5 per cent. The antigens were placed in the 
ice-box for 24 hours before using. 

The 28 sera used represent a small number of sera sent to the laboratory 
for diagnosis. They were used unheated owing to the fact that we have 
found that serum agglutinins, as shown in Table II, are partially or 
totally destroyed in many cases when heated at 56° C. for thirty minutes. 

The agglutination tests were conducted as previously described. 

Table I illustrates the effects of the different preservatives on the 
reaction. The slight degree of difference represented here between 
antigens containing phenol, formalin and ether is within the limit of 
experimental error and should not be considered. There is a marked 
influence on the agglutinability of the antigen preserved with tricresol 
to the extent of inhibiting clumping completely or causing zone aggluti- 
nation. Formalin should not be used in the antigen in a greater con- 
centration than given here as it will also inhibit clumping in many 
cases, but not in all. Comparative tests with fresh unheated and heated 
(56° C. for 30 minutes) antigens and those preserved with phenol, for- 
malin or ether showed no increased sensitivity in favor of the unpre- 
served antigens. 
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(Incubated at 37° C. for 18 Hours.) 


The Agglutinability of Bact. Abortus Antigen Containing Different Preservatives. 


Antigen Containing 
0.5% Ether 


Antigen Containing 
0.1% Cresol 0.5% Formalin 


Antigen Containing 


Antigen Containing 
0.59% Phenol 


Serum Dil. 


Serum Dil. 
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Serum Dil. 


Serum Dil. 
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(Incubated at 37° C. for 18 Hours). 


The Effect of Heat on Serum Agglutinins. 


Heated 


Unheated 


Serum Dil. 
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Comparison of Serological Test by Different Laboratories. 


For the past eight months Dr. C. P. Fitch of the University of Minne- 
sota and myself have been exchanging blood samples from cattle for 
the purpose of comparing the diagnostic tests (agglutination and comple- 
ment fixation) in use at the two laboratories in order to determine 
whether the results from his technic and our technic agree. Agreement 
in results by all laboratories is very essential if the tests are ever to be 
placed on a universal diagnostic basis. 

Up to the present time we have conducted these tests on about 300 
samples of serum. The tests show that there is a considerable difference 
in our results. By slight changes in technic we hope to bring our re- 
sults into complete agreement. 

3. Carriers. 

Considerable progress has been made on this problem, but not suffi- 
cient to warrant a definite statement except on the destruction of the 
carrier state. 

In order to destroy in a host a microparasite which appears to have 
therein a permanent abode, one must consider those agents which (1) 
increase the defensive mechanism of the host and (2) destroy the para- 
site directly. 

Concerning the former, sufficient data have been collected to show 
that killed and living (non-virulent) cultures, bacterins, and vaccines, 
have no effect upon the carrier state. The direct action of one agent 
“collargol” on the organism in the body is reported below. 


The Treatment of Bovine Infectious Abortion With Collargol. 


Ziemann, in 1921, reported considerable success in the treatment of 
malta fever in humans by means of collargol. Since the organism con- 
cerned in the etiology of malta fever and in infectious abortion are in 
many respects similar if not identical, it was thought that this agent 
might prove to be of considerable value in the treatment of animals in- 
fected with Bact. abortus. 

Two groups of dairy cows were used in this experiment. The first 
group consisted of 16 cows. Blood tests were made on all animals on 
Nov. 18, 1922, of which 5 gave positive reactions. Of these 2 had prev- 
iously aborted. On November 24, 1922, the 5 reacting animals received 
intravenously 20 ce. of a 2 per cent aqueous solution of collargol. 

One of the treated cows aborted a 5-months fetus January 1, 1925, 
and one untreated cow aborted a 7-months fetus February 1, 1923. On 
May 2, 1928, blood tests were again made on the entire herd. The five 
treated animals which formerly reacted were positive, including the 
negative reactor which aborted February 1, 1923. 

The second group consisted of 21 dairy cows. Blood tests were made 
on all animals on January 1, 1923, of which 10 were positive. Of these 
reactors 5 had previously aborted. The 10 reactors received intraven- 
ously 20 ce. of a 2 per cent aqueous solution of collargol January 7, 
1928. The injection was repeated March 7, and May 7, 1923. One cow 
showed a considerable reaction from the second injection and all ap- 
peared to be in distress from the third injection. The most pronounced 
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symptoms were watering of the eyes and loss of appetite which lasted for 
several days. 

Blood tests made before each injection showed no change in reaction. 
None of the negative reactors became positive during this time. One 
of the treated animals aborted February 5, 1925. 

In summing up the results it is only necessary to say that collargol 
is of doubtful value in the treatment of infectious abortion, and that 
its continued use is injurious and dangerous. 


4, Channels of infection. 

Although there is fairly definite knowledge of the routes through 
which Bact. abortus enters the body of its host, there are yet many 
questions which have not been settled. Studies and observations on this 
phase of the problem will be continued. 


5. Control. 

A practical procedure for the control of infectious abortion was pre- 
sented in the Michigan Agricultural College Quarterly Bulletin, Vol. 5, 
No. 4, p. 178, 1923. 

The results of using killed and living (non-virulent) cultures_ of 
Bact. abortus the purpose of immunization are now being compiled. No 
statement of the results will be made at this time. 


6. Cultural Studies. 


This is one of the most important phases of the abortion problem. 
Around the organism itself are centered many problems, and new prob- 
lems are continually presenting themselves. 

Problems along this line which are now being studied are the effect 
of different atmospheric conditions on the grow th, antigenic and patho- 
genic properties of Bact. abortus, pathogenic and non-pathogenic strains 
of Bact. abortus, and a bact. abortus like organism. The following ex- 
periment has been completed and is here given in detail. 


The Effect of a partial Atmosphere of Carbon-dioxide Gas on the Bacteri- 
ological and Pathogenic Properties of Bact. Abortus. 


In a former publication it was shown that carbon-dioxide gas plays 
an important part in the primary cultivation of Bact. abortus by chang- 
ing the hydrogen-ion concentration of the aoe ie es in which the 
organism is placed. 

From our studies and those of others, it appears thst this particular 
atmospheric condition is found in the fluids surrounding the developing 
fetus and in the udder, both of which are favorable seats for the locali- 
zation of Bact. abortus. A large number of examinations has shown 
that the hydrogen-ion concentration of fetal fluids, at different periods 
of gestation, ranges between 6.6 and 7, and the CO, tension by volume 
between 10 and 15 per cent. The hydrogen-ion concentration of freshly 
drawn milk has a range of 6.6 to.7.2 and CO, tension by volume between 
8 and 15 per cent. 

In view of the above facts one experiment was designed to determine 
what influence a CO, tension favorable for the growth of Bact. abortus 
would have on its pathogenic, agglutinating and morphological char- 
acteristics, 
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Two non-pathogenic strains of Bact. abortus (805 and 1) and two 
pathogenic strains (800 and 670) as determined by their ability to pro- 
duce characteristic changes in the organs of guinea pigs were selected 
for the study. The medium used for cultivation was liver agar pH 6.6. 
The inoculated media were placed in an improvised Novy anaerobic 
jar and 10 per cent of the air replaced by CO, gas. The cultures were 
incubated at 37° C. for 24 hours and transfers made and incubated as 
before. This procedure was repeated daily for 50 days on the patho- 
genic strains and for 100 days on the non-pathogenic strains. On each 
25th day throughout, guinea pigs were inoculated with 0.5 cc. of a 
saline suspension of one agar slant (turbidity of suspension by Mc- 
Farland nephelometer was 3) to determine change in pathogenicity. 
The pigs were killed at the end of eight weeks and the organs examined 
for lesions. Agglutination tests were made on the strains with a positive 
serum and transplants were made and cultured aerobically to determine 
if they would still grow aerobically. 

The above determinations were made twice, on the 25th and the 
50th days, for the pathogenic strains, and four times, on the 25th, 50th, 
75th and 100th days, for the non-pathogenic strains. 

The results are as follows: There was no change in the pathogenicity 
of the four strains, that is, the non-pathogenic remained non-pathogenic, 
and the pathogenic strains showed no loss or increase in lesion-produc- 
ing power. 

The period of cultivation has no influence on the agglutinability of the 
four strains. 

There was no apparent change in the morphology of the organisms. 


7. NSwine Abortion. 


The studies on swine abortion have been completed for the present. 
The final results of this problem have been submitted for publication in 
the Michigan Agricultural College Experiment Station Quarterly. The 
results indicate that swine do not certainly become infected from in- 
gesting milk containing Bact. abortus or from associating with infected 
COWS. 

A paper was submitted at the annual meeting of the American Veteri- 
nary Medical Association by Ward Giltner, R. L. Tweed and I. F. Hud- 
dleson on “The role of the udder and its secretion in bovine infectious 
abortion,’ and published later in the Journal of the Am. Vet. Med. 
Assoc., Vol. 15, No. 2, p. 172, 1922. 

There were received during the past year 455 samples of blood (bovine) 
for diagnosis of infectious abortion of which 136, or 29 per cent, were 
positive, and 319 were negative to the blood tests. The above number 
of blood samples does not include those taken from animals in the 
experimental herd or duplicate tests on herds in which immunization 
studies are being conducted. 

Our experimental herd at the present time is comprised of 8 cows, 
10 heifers, 4 calves and 2 bulls. 

[I. Forest Huddleson. ] 
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One of the most important phases of the work of this Section is with 
the great poultry disease problem of the State. The problem is not 
peculiar to Michigan, and it is not being investigated alone in this 
State, but we have our full share of the various diseases of poultry since 
the industry is extensive, and it is only proper that we do our full share 
in contributing to an understanding of the troubles. It seems impossible 
to do adequate instructional or extension work in poultry husbandry 
without accompanying research. We are fortunate in having in Dr. 
Stafseth a man, not only well trained, but one possessed of tremendous 
energy and an unusual vision of his field. He should have more and 
more assistance in both research and in field work. His report conclu- 
sively demonstrates the magnitude of the task. 


Report of Research Associate H. J. Stafseth. 


During the year of 1922-1923 my time has been taken up largely by 
routine examination of specimens sent in for diagnosis and ‘by teaching. 
Last year 146 specimens were examined bacteriologically or pathological- 
ly. This year we examined 686. There were 2,779 plood es mples tested by 
the agglutination test during the fall of 1921 and winter of 1922. The 
fall and winter of 1922-1923 show an increase to 5,297. 

Responses have been made to sixteen calls from poultry associations 
and county agents to visit various sections of the state for the purpose 
of investigating outbreaks of poultry diseases and giving instructions 
relative to prevention and control. The very extensive correspondence 
connected with this work has demanded a great deal of time and thought. 
Farm papers and poultry journals have sent in numerous requests for 
information which has been given in the form of articles or answers 
to specific questions. Inquiries regarding poultry disease problems 
have also been received from Iowa, Ohio, Indiana, Missouri, Illinois, 
California, Kansas, and Ontario. 

Graduate assistants, Miss Dorothy Yakeley and Mr. R. C. Thomas, 
have rendered valuable assistance. Miss Yakeley has spent about one- 
half of her time on her major problem, “A study of the microflora of the 
intestines of normal chickens.” Mr. Thomas has not selected a problem 
but has spent about one-quarter of the time to the study of the patho- 
genic bacteriology and immunology preparing to take up a problem in 
this branch of bacteriology. 

It is apparent that while the work that we have had to do has greatly 
increased, the assistance available has been less than that of the previous 
season during which time I had a technician devoting about three-quart- 
ers of his time to my work, besides the help which I was able to get 
from a senior student. 

The following table shows the results of 686 autopsies: 
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TABLE OF AUTOPSIES 


No. of 
Disease Specimens 
Examined 

Arthritis'in: CHICKENS... ic<jecauscrseoe estar ator sre a eA ee Cae MERE ETP Rta eid Spence cern RN 1 
Aspergullisis:in chickensi.! ¢ jg: nee. SPs sate ils Bao ST a atot eat star cone Ct ae 00, Poets, ae oe eu 2 
Bacillary white diarrhea oye Sails vin oehecero in east Se Se ode eo eT SE oN tape aR NSTC Sixt dee eee Ren orci et iene 227 
Blackhead in-turkeyss cock ida ce asa teecte scot siccdarereten cit eee nyo Cher tate tere caaectats Sigh anaes e atatotet re tettone 3 
Blackhead tn chickens .c cco c cite cit te orousrale desl co otars ais te alta clos ee ete ELT: EES cele heat te eae egies eran 8 
Blindness in-chickens4o.°s- 6 Wace occ. Ns re ce eosce eee Re ee eee ee nee Rie rekeete che anette he 1 
Ghickenpox..42 2.4: nist coisa be rakigm ea lic ck Sled eee Rees DRED Os ER I eT Lia Sok ieee tiete cet oak eiteas 25 
Coecidiogis:in chickens {2c. Gre crass cate eae ahcee te og soe atte eb snes die te Oa eT Re tee oR Sate tern Re eat eee ne 13 
Colibacilonis iniehi akong. t crviecias cee. tae ctor ae Rev cchl teem oul CL ne ROOM aoe oe aN a set. cee Raat rete ga Re 18 
@) 0) 0H of] 11s penis aA Re aR Ape a Tie Den Rea tat wena Ai ied eth oe be 0 ein Cae Comoe G baba Gf65 1 
Bmpyema of Chickens; wait fee Pets keels eerie Seine locate See arses eae eae mes Nn arte tei nc ean Solon caren reve 1 
HYPO 10! COW! scat aveln lta Noeee te os Sees laraidiat carried ral teh corer ana lots ole States mittee ee ies etal ae evs Grate ee tory vanes acini cia oe aeons 1 
Mowlicholerad sAvicrp Artie oc occ oars le Oe COnvebaNe carer Se i eee: Re ee aT coos eae ea eRe eee ate 122 
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Of the 5,297 blood samples examined for bacillary white diarrhea in- 
fection in chickens 1,032 were positive, 760 partial, 238 unfit for the 
test and the rest were negative. Delay in transit was largely responsi- 
ble for rendering samples unfit. 

The work started during the year of 1921-1922 on the intradermal 
tuberculin test in the chickens has to be discontinued due to cold 
weather and lack of housing facilities. Our experiments on the trans- 
mission of bacillary white diarrhea infection from male to female and 
vice versa were terminated partly for the same reasons and partly be- 
cause a considerable number of our birds were stolen. However, the 
data obtained may be sufficient for a preliminary report which is being 
prepared for publication. 

Excellent opportunities for a combined field and laboratory study of 
fowl cholera as it occurred during the past fall and winter was offered 
by the willing co-operation of the poultry department. The results of 
this study are summarized in the Michigan Agricultural College Quarter- 
ly Bulletin, Vol. 5, No. 4, May, 1928. 

[H. J. STAFSETH.] 


Professor Fabian has only a limited time to devote to investigational 
work, but he uses it to advantage. He is interested in the bacteriology 


of the apiary, of ice cream making, vinegar manufacture, flax retting, 
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and the fermentation industries generally. A brief statement of his work 
follows: 


Report of Research Associate F. W. Fabian. 


During the past year, in addition to my regular teaching schedule, I 
have written up and have had accepted by the Station Council, Tech- 
nical Bulletin No. 60, entitled “The Influence of Manufacturing Opera- 
tions on the Bacterial Content of Ice Cream.” This work was done 
with R. H. Cromley, a former student. Continuing further investiga- 
tions along this same line, I have completed a study of the influence of 
homogenizing on the bacterial content of ice cream, and have started 
work on the influence of freezing on the bacterial content of ice cream 
both of which I hope to publish at an early date. 

In addition to the above work, I have analyzed several samples of 
spoiled honey and isolated several organisms causing the spoilage. I hope 
to be able to do more work with spoiled honey and get sufficient data 
for an understanding of the causes, nature, and prevention of the 
trouble. I have recently taken over that part of the work of R. L. 
Tweed which had to do with fermentation and with the sending out of 
vinegar cultures in addition to the large number of samples of vinegar 
that this laboratory is called upon to analyze during the year. - 

[F. W. FABIAN.] 


In our report of last year we called attention to the fact that Miss 
Antoinette Trevithick had been appointed to a position in the Bureau 
of Plant Industry of the United States Department of Agriculture. 
Her work has been carried on in this laboratory since September 15, 
1922, under this appointment and has consisted in a continuation of 
studies of a preliminary character conducted by her as an advanced stu- 
dent in bacteriology during the previous year. The co-operative arrange- 
ment will continue during the ensuing year. Her report as submitted 
to the Bureau of Plant Industries follows: 


Report of Antoinette Trevithick on Flax Retting. 


The object of my work is to determine the micro-organisms or group 
of micro-organisms best suited to flax retting, and to determine methods 
of propagating them, and the optimum environmental factors with the aim 
of producing uniform and superior quality of fiber. Since starting my 
work September 15, 1922, I have accomplished the following results: 

-I have read all the available literature on pure culture and water 
retting in general, also on pectin. I have isolated and purified 91 cul- 
tures obtained from Japanese, Chilean, Dutch, Irish and Courtrai retted 
fiber and have tried these out for retting ability on small quantities of 
sterilized straw and river water. By this process 48 cultures have been 
eliminated as non-retters. Those which have been retained as retters 
will be tried out on larger quantities of sterilized straw and eventually 
on non-sterilized straw. I am running a number of cultures at the same 
time under the same conditions in order to be able to compare the fibers. 
From my work so far it appears that I have found the organisms re- 
sponsible for retting. As yet I have not been able to make a_ very 
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thorough study of my organisms for quality of fiber produced, but I have 
produced on a small scale fiber which Mr. Davis, Asst. Plant Breeder, 
Office of Fiber-Plant Investigations, Bureau of Plant Industry, said 
compares well with Courtrai fiber. I expect to be able to do more with 
fiber quality this summer on morphological and cultural characteristics. 
I have done a small amount of work with Six organisms which have been 
quite extensively tried for retting. They were isolated from four 
sources and seem to be two different types of organisms. I have not 
carried this study far enough as yet to make any definite statements. 
I can say that my organisms are facultative aerobes and that I have 
found so far that 30° C. is the best temperature for retting although 
retting will take place from 20° C. to 35° C. Mr. Davis and I spent 
considerable time last fall trying to work up a more efficient retting 
test. Mr. Davis has submitted for publication the results of this work. 
I might also add that I have been trying to become more efficient at 
detecting the grade of fiber as determined by fineness, luster, softness 
and other properties. 
[ANTOINETTE TREVITHICK.] 


We are recommending that Assistant Professor W. L. Mallmann be 
made also Research Assistant in the Experiment Station. The needs 
of this Section as well as the training and ambitions of Mr. Mallmann 
make this a logical procedure. His report follows: 


Report of W. L. Mallmann. 


The number of samples of water examined this year was less than 
last year but the number of inquiries in regard to water supplies was 
much larger. 

The results of the tests made are given in the following table: 


WATER SAMPLES EXAMINED 


Reported Reported = 
Deas wells (iceland 5 Se ee ne ee ee ect eee eens 4 6 10 
Prem welltss. Eos ok chews eee oe eee Ber ae ee. TR 6 3 s 
Der wells 2). coe. 2 5. tt Ss ee ee ee een 3 6 Q 
RWW ceed oe Hart ace Sak Re oa eee RO eo Oe re te ee een 1 2 3 
Dinkenvens = oo oe a oe ee ene ee ee ee 9 14 23 
Wola. 3 conc cc. Rpone 5 cee a ee ee eee | 23 | 31 | # 


Examination of three swimming pools in nearby cities was made and 
the results obtained indicate the need of regulations by State legislation. 
Several states have laws regulating the care and construction of swim- 
ming pools. 

In two of the pools examined no bacteriological examinations are 
made at all and in the third the examinations are extremely irregular. 
Furthermore, one of these pools has received no treatment and the 
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water is used for long periods. Such conditions are unnecessary and 
further, are very dangerous. 

The results obtained from the examination of the College swimming 
pool show very conclusively that a swimming pool must be checked 
constantly by bacteriological procedure. The College pool has _ been 
examined daily during the school year. I wish to again repeat that 
the system of chlorination is very unsatisfactory and should be replaced 
preferably by liquid chlorination. 

Two disinfectants were submitted for examination. Both of them 
failed to show any germicidal value even when full strength was used. 

[W. L. MALLMANN.] 


I wish to thank you in behalf of myself and all the members of the 
Bacteriological Section Staff for your invariable courtesy and helpful 
spirit in all our mutual undertakings. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
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REPORT OF THE SECTION OF BOTANY. 


To the Director: 


Sir:—The work of the Botanical Section of the Experiment Station 
has been prosecuted with great zeal by the members of the staff who de- 
serve commendation for their interest in the work and the time they have 
put into it, far beyond the ordinary accepted office hours. The follow- 
ing changes in the staff for the past year may be noted: 

Mr. H. ©. Young, Research Assistant in Plant Physiology, was 
granted a leave of absence to accept a fellowship for the investigation 
of the fungicidal properties of sulphur, established by the Plant Pro- 
tection Institute and located at the Missouri Botanical Garden. 

Mr. Ray Nelson, Research Assistant in Plant Pathology, was given a 
leave of absence beginning with the middle of November to undertake 
graduate work at the University of Michigan. 

Miss Miriam Carpenter was appointed Half-time Graduate Assistant 
in Plant Pathology. 

Dr. R. P. Hibbard, who had been for ten months at Johns Hopkins 
University co-operating with the Department of Botany there on certain 
important plant nutrition experiments returned to work July 1, 1922. 

Owing to the very inadequate greenhouse space available, it was 
necessary to rent part of a greenhouse in Lansing to carry on some of 
the important pathological work on celery diseases and some on potato 
disease work. It is to be hoped that adequate greenhouse space may 
be available for the pathological and physiological work of the Botanical 
Section as the lack of this is crippling the work badly. 

It is to be regretted that it has been impossible to have an Extension 
Plant Pathologist appointed. Such a man would take care of a large 
portion of the correspondence and much of the travel throughout the 
state which must be carried on by Dr. Coons and the pathologists asso- 
ciated with him, in the absence of an Extension Pathologist. 

My work has been mainly that of consultation with Dr. Coons with 
reference to plant pathology work, and with Dr. Hibbard with refer- 
ence to work in plant physiology. At the limited season of the year 
when the living spores are available, I have for two years carried on in- 
vestigations upon the rusts of blackberries and raspberries. 

I am appending herewith, and request that they be made a part of 
my report, the reports of Dr. Coons on the plant pathological inyestiga- 
tions and of Dr. Hibbard on the plant physiology investigations. 

Very truly yours, 
EK. A. BESSEY, 
Professor of Botany. 


Dr. E. A. Bessey, Professor of Botany, M. A. C.: 


Dear Dr. Bessey :—I herewith submit a brief report of the work in 
Plant Physiology for the year ending June 30, 1923. 


EXPERIMENT STATION REPORTS. 211 


After a leave of absence of ten months at the Johns Hopkins Uni- 
versity, I returned on July 1, 1922, to take up the work at M. A. C. 
In the absence of Mr. H. C. Young, who spent the present year at Shaw 
Botanic Gardens, St. Louis, Missouri, his problem on “The Physiological 
Effects on Life Processes of Certain Plants When Growing Under De- 
ficient or Improper Nutritive Conditions” was discontinued. 

Mr. Paul Tilford, a senior student, assisted me as time allowed, in 
both the experimental and the college work, and I wish to draw atten- 
tion to the fact that his work was excellent. 

The work in Plant Physiology has been divided between the College 
and the Experiment Station. In the absence of Mr. Young and other 
assistants, the college work has required more time: Further, the ap- 
portionment of time this year has been approximately two-thirds for the 
College and one-third for the Experiment Station. 


Adams Project: 


The Adams 2f project was continued, but work this year was carried 
on entirely in the laboratory and the greenhouse. Field work, as con- 
ducted in former years, was entirely out of the question in view of the 
scarcity of funds. In the laboratory and greenhouse chief emphasis was 
placed on a study of the influence of climatic conditions on the salt ratio 
requirement of Marquis wheat. Two climatic conditions were studied, 
and in this respect the natural conditions were called into use. The 
first experiment was run in the early fall—September and October, and 
the second in late spring—May and June. 

My previous work had shown that for different climatic conditions 
a different salt ratio was required. This difference seemed to be ascrib- 
able to the variations in light duration and intensity during different 
experimental periods. The results of the experiments this year, how- 
ever, do not bear this out, for the same cultures that were best during 
the September-October period remained the same high-yielding cultures 
for the May-June period. The conclusion is inevitable; some other un- 
known variable is acting-as a limiting factor. As in former years this 
problem continues to ‘be interesting. As new vantage points are won, 
others have to be attacked. Much progress has been made by different 
investigators, and the work that I have done here and at Johns Hopkins 
has brought out certain definite facts: 

1. No definite results that will stand statistical treatment can be 
obtained with few plants in a culture. Tables have been devised show- 
ing what significance can be ascribed to cultures -containing plants 
numbering from 10-100. It has now been determined that from 40 to 
50 plants should be used for each salt solution. 

2. With frequent changes (every other day) and with a lower total 
condensation (1 atmosphere) the plants thrive better than ever before. 

5. Pure line seed, or seed of a single plant selection, give more uni- 
form seedlings. 

4. Special methods for germination were devised. Through this 
means more uniform seedlings were obtained. 

It is interesting to find that after using the above methods, more con- 
sistent results are obtained. For example, heretofore no definite com- 
bination of salts seemed to be necessary for plant growth. The ratio 


212 STATE BOARD OF AGRICULTURE 


of salts could vary quite widely without affecting the yield. Now it is 
evident that there is a best culture, and a certain. definite region on 
the triangular diagram that shows this. The other cultures grade away 
gradually on all sides. This kind of arrangement is expected from the 
nature of grouping of the cultures on the triangle. In all previous work 
the good-yielding cultures have been scattered over the triangle. Most 
disconcerting of all duplicate series would not check, culture for cul- 
ture. A series repeated later would not agree, and so very conflicting 
results were obtained. I believe that the use of a large number of plants 
is a great factor in bringing about the good results obtained in the past 
two years. 


Horticultural Project: 


This project was outlined as a co-operation between the Department 
of Horticulture, the Department of Soils, and the Department of 
Botany about four years ago. At the beginning of the present year, the 
co-operation was somewhat modified due to the changes in the Horti- 
cultural Department, and at present the co-operation is between the De- 
partments of Horticulture and Botany. The outline, somewhat changed 
from its original form, is appended. The items starred are those being 
studied in the Botany Department. Work has been pushed along all 
lines, but especially in the study of carbohydrate synthesis and utiliza- 
tion. 

The methods used in our former studies did not seem to give con- 
sistent results, so during the winter the old methods were modified and 
better results are now being obtained. The H ion studies of buds and 
spurs were deferred until next year in hopes that by that time a reliable 
method could be devised for determining the hydrogen ion concentration. 
The project is still to be continued through the summer and fall. During 
the spring no trips were made to this experimental orchard at Grand 
Rapids because of lack of funds; but trips were made to a nearby orchard 
which had received the same treatment. A detailed report on this proj- 
ect can not be expected this year. 


Quinlan Orchard Project. (Grand Rapids.) 


1. What is the influence of the different fertilizer treatments on 
the size and number of leaves per spur? 

*2. What is their influence on the rate of carbohydrate synthesis per 
unit of leaf area? 

3. What is their influence on summer defoliation? 

*4. What is their influence on the total carbohydrate accumulation in 
the spurs in the fall? 

*5. What is their influence on the rate of carbohydrate utilization 
(as measured by amounts present at successive intervals during 
and after blossoming) in the spring? 

*6. What is the influence on H ion concentration in the spurs from 

week to week throughout the season? 

What is their influence on the percentage of spurs blossoming 

each spring? 

What is their influence on the setting of the fruit? 

What is their influence on the yield? 


a es 
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*10. What is their influence on the osmotic pressure of the leaves and 
the spurs? 


National Research Council Project: 

We regret that the lack of funds required us to drop this projest this 
past year. We hope that before long this co-operation with the Na- 
tional Research Council can be renewed. 


Soil Temperature Project: 

In co-operation with the Ecological Society of America the Michigan 
Experiment Station has been gathering soil temperature data for the 
past five years. Since this work did not require much money or time it 
was continued as usual. 

Very sincerely yours, 
R. P. HIBBARD, 
Plant Physiologist. 


Dr. E. A. Bessey, Professor of Botany, M. A. C.: 


Dear Sir:—I wish to submit the following report of progress on the 
various projects in Plant Pathology under my immediate charge. 


Adams Project 5b: 


On this project which has to do with determining the various biologi- 
cal reactions of plant pathogens of the Sphaeropsidales group, work 
along the lines of methodology has been carried on rather intensively so 
long as animals and space were available. The work is carried on co- 
operatively with Dr. Stafseth of the Bacteriological Department and 
has dealt with the development of precipitins by the use of fungous cul- 
tures prepared in various ways. In general, summarizing the results of 
many tests with rabbits, it may be said that the development of precipi- 
tins capable of giving a strong decisive precipitate or clouding by use 
of ground cultures is not promising because of several factors: (1) the 
low percentage or protein in the mycelial mat used, (2) the difficulties 
inherent in the grinding and preparation of the mycelial mat, and (5) 
the loss of experimental animals through anaphylactic shock during 
_ the later injections. 

From results obtained with closely allied fungi it is very evident that 
serum reactions will differentiate the fungi readily. The problem then 
resolves itself into one of development of methods. With the estab- 
lishment of a fixed routing it will be very easy to make several very 
important applications of this method of diagnosis. 

Along another line of attack considerable progress has been made by 
the use of dyes as a means of differentiating related organisms. This 
work which is being carried out under my direction by Miss Miriam C. 
Carpenter gives promise of making dye utilization in the study of fungi 
as useful a tool as it is in the study of bacteria. 


Hatch Fund Projects: , 

Under this head various minor investigations are carried on. Work 
on the plant diseasé survey which aims to determine the distribution of 
plant pathogens in the state and their severity in causing crop loss has 
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been carried on under this head. The reports of plant disease occur- 
rence, etc., have been made to the central, federal office. 


State Projects: 


Celery Disease Investigations. 

Work on celery diseases has confined itself to’ development of the 
yellow-resistant celery. Some 400 plants of known parentage were tested 
in the field and found resistant to the disease. These plants were brought 
through the winter in the greenhouse and are now producing seed. 
Progenies from the original selection made in 1919 are now being tested 
as to quality and type. From this set of plants will be selected the best 
commercial strain, and then the seed will be released through the ordi- 
nary channels for general use. The work is handicapped by lack of 
greenhouse facilities and much valuable time in the increase of seed stock 
is being lost. For three years the yellow-resistant seed has produced 
fine plants in disease-infested soil either at Kalamazoo or Mason, Michi- 
gan. 


Bean Disease Investigations: 


Investigation of bean diseases has been restricted to two lines of 
work: (a) work of testing of bean hybrids for Anthracnose resistance, 
and (b) investigations of Bean Mosaic. 

(a) The first line of work has been carried out in co-operation with 
the Farm Crops Department and consists of testing various new strains 
of beans derived by crossing Red Kidney beans (W ells) with Robust 
beans. These have been subjected in field and re to various 
strains of Bean Anthracnose and all those proving susceptible to attack 
have been rejected. About a dozen beans of very resistant type are now 
being studied by the Crops Department for yield and the tests with 
organisms are being continued. This work is carried on by the writer. 

(b) The other phase of bean disease investigations carried on at the 
station consists in work on Bean Mosaic by Ray Nelson. In this work — 
Mr. Nelson has sought to throw some light on the cause of mosaics— 
those obscure diseases about which there is so much that is unknown 
and baffling. By cytological investigations, Mr. Nelson found certain 
heavily staining bodies in the phloem of diseased plants and he inter- 
preted these to be protozoa, presumably the casual agents in disease 
production. Further work with other plants than beans has failed, so 
far, to confirm this interpretation and more work is needed to clear 
up this problem. Mr. Nelson has been on a year’s leave of absence 
working for an advanced degree at the University of Michigan. 


Potato Disease Investigations : 

This work has, as in the past, consisted of certain field trials carried 
on jointly by Mr. J. E. Kotila and the undersigned and in investigations 
of the black-leg disease carried on by Mr. Kotila. 

Experimental fields have largely been located at the Upper Peninsula 
Experiment Station at Chatham, where interesting results on the use 
of sulphur for Scab control have ‘been obtained. In field tests the 
relative values of spraying and dusting for hopper burn and fungous 
disease control have shown marked superiority of the Bordeaux spray. 

In co-operative work with the Farm Crops Department hundreds of 
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potato tubers have been indexed and fields have been rogued in an at- 
tempt to clean stock from disease and permit the development of disease- 
free seed stock for increase by farmers. This work gives great promise 
with certain varieties but disease elimination in some strains is very 
difficult due to masking of symptoms. 

Black-leg investigations have concerned themselves with studies on 
the severity of the disease, the effects of treatment in control and 
agencies of dissemination. The results are now being prepared, for 
publication. 


Cereal Disease Investigations: 


Work on cereal diseases has been carried on by the writer and has 
consisted of tests of various fungicides for Stinking Smut control and 
tests of disease resistance of certain varieties. The new copper dust 
methods for seed treatment have been tested over several seasons and 
have been used rather extensively over the state. With fairly clean 
grain, the dusting method gives great promise. 

Far more important than the results obtained by specific treatment 
is the evidence which several years of test have given that certain 
hybrids of various high yielding wheats are immune to Stinking Smut. 
In particular, hybrids with Berkeley parentage seem to be immune to 
Stinking Smut in spite of heavy (artificial) seed contamination. 

Seed treatment as a method of Stinking Smut control will always 
be a readily applied method in the hands of the farmer who is willing 
to take the trouble to prevent loss. But, if high yielding, smut-resist- 
ant varieties can be developed, then this wasteful disease will cease to 
be a factor at all in Michigan’s wheat crop. 


Small Fruit Disease Investigations: 

In May, 1922, Mr. C. W. Bennett was transferred from full-time Col- 
lege work to full-time Experiment Station work. His investigations 
have confined themselves largely to raspberry diseases, especially dis- 
eases of the mosaic type. He has carried out extensive rogueing tests 
in the small fruit producing counties of the state and has demonstrated 
the relation of aphids to disease dissemination. 


Publications: 
The following publications have been issued during the year: 


1. Kotila, J. E. Leaf Hopper Injury to Potatoes. Mich. Sta. Tech. 
Bul. 56, 27 pp. 

2. Kotila, J. E. Spraying for Hopper-burn. Mich. Sta. Cire. 48, 4 
pp., July, 1922. 

o. Bennett, C. W., Loree, R. E. and C. W. Bennett The Raspberry 
Situation in Michigan. . Mich. Sta. Quart. Bul. 5:31-33, August, 
1922. 

4. Coons, G. H. Copper dust treatment for Stinking Smut. Mich. 
Sta. Quart. Bul. 5:8-11, Aug., 1922. . 

». Nelson, Ray. Transference of the bean mosaic virus by Macrosi- 
phum solanifolii. Science 56 :342-344, Sept. 22, 1922. 

6. Nelson, Ray. The occurrence of protozoa in plants affected with 
mosaic and related diseases. Mich. Sta. Tech. Bul. 58, 28 pp., Dec., 
1922. 
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7. Coons, G. H. Control of Stinking Smut of wheat (Tilletia levis) 
with dust treatments. Phytopathology 18:37. Jan., 1928. 

8. Kotila, J. E. and G. H. Coons. Spraying and dusting of potatoes 
in 1922 at Chatham, Michigan. Phytopathology 13: 54-55, Jan., 
1928. 

9. Bennett, C. W. Apple scab and its control. Mich. Sta. Quart. Bul. 
5 :180-134. Feb., 1923. 

10. Kotila, J. E. Mosaic and potato yields in Michigan. Mich. Sta. 
Quart. Bul. 5:188-189. May, 19283. 

11. Baxter, Dow V.* and G. H. Coons. White pine blister rust in 
Michigan. Mich. Sta. Quart. Bul. 5:193-196. May, 1923. 

12. Coons, G. H. Celery blight or leaf spot. Mich. Sta. Quart. Bul. 
5 :190-193. May, 1923. 

13. Kotila, J. E. and G. H. Coons. Trypanosome-like bodies in solanace- 
ous plants. Phytopathology 18: July, 1923. (Inpress.) 


*Collaborator, U. S. Dept. of Agr.. 
i ; Respectfully submitted, 
G. H. COONS, 
Plant Pathologist. 


REPORT OF THE SECTION OF CHEMISTRY. 


To the Director: 


Sir:—The following report briefly summarizes the work of the Chem- 
ical section for the year ending June 30, 1923: 


CHANGES IN THE STAFF. 


Miss 8. L? Bandemer severed her connection with this section at the 
close of the last fiscal year. Arthur W. Lowell, a graduate of the 
University of Maine in 1921, was appointed on October 1st to fill 
the vacancy. Mr. H. A. Noyes was appointed on December 1st to take 
charge of the work in connection with the new cereal project approved 
by the Board of Agriculture in October. Mr. Noyes remained with 
us only three months, resigning March ist to accept a much more 
lucrative position. No successor to Mr. Noyes has been appointed. 

Mr. E. J. Miller was granted leave of absence from March 1st to 
June Ist for the purpose of completing his graduate work at the Uni- 
versity of Michigan. The degree of Ph.D. was conferred on him at the 
Commencement, June 18th. 


ADAMS FUND PROJECTS. 


Adams 2b.—‘A study of the physico-chemical aspects of soil acidity.” 
Two papers on the nature of adsorption of electrolytes from solution by 
activated sugar charcoal have been published in the Journal of the 
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American Chemical Society, and a third paper dealing with the theory 
of hydrolytic adsorption is being prepared. The data in these papers 
clearly indicate (1) that hydrolysis is an important factor in adsorp- 
tion, (2) that there is a close relationship between adsorption and 
chemical constitution, and (38) that the erroneous and contradictory re- 
sults found in the literature are due to impurities in the reagents used. 

Experiments with fuller’s earth and kaolin, carried out in the light 
of the knowledge gained in the charcoal adsorption studies are yielding 
interesting and significant results. 

Adams 2 ba.—‘A study of the organic compounds in peat soils.” The 
work has been carried on along the lines planned last year, but the col- 
lection of material for this work was not completed because of inability 
to locate deposits containing certain types of peat. It is hoped to com- 
plete the collection of samples at an early date when active work will 
again be started on the project. 


HATCH FUND PROJECTS. 


“The preparation of neutral ammonium citrate solutions.” This proj- 
ect has been completed. The final results obtained were published in the 
Journal of Official Agricultural Chemists, Vol. 6. p. 384. The method for 
the preparation of neutral ammonium citrate developed under this 
project has been adopted by the Association of Official Agricultural 
Chemists and at the next meeting it will be made the official method of 
the Association. 

“A study of the availability of organic nitrogenous substances.” 
Considerable work has been done during the year and a modification of 
the method now being used for determining the availability of organic 
nitrogenous substances is being prepared for publication. The project 
will be continued as outlined. 

“Michigan Wheats and Flours.” Twenty-one samples of wheat repre- 
senting the more important commercial varieties grown in Michigan were 
supplied by Prof. Spragg. These were analyzed and ground into flour. 
The flour was then analyzed and tested for baking quality. The protein 
content of the wheat varied from 9.82 per cent to 14.00 per cent and the 
protein content of the flours from these same wheats varied from 8.98 
per cent to 12.65 per cent. The baking tests were conducted by Mr. O. B. 
Winter and very marked differences as to bread making properties were 
demonstrated. This work will be continued and greatly amplified dur- 
ing the coming year. 


MISCELLANEOUS. 


A great deal of work has been done for other sections of the Station 
during the year, which is briefly summarized as follows: 

For the Farm Crops section—Two hundred samples of sugar beets. 
These were tested both as to sugar content and purity of the juice. 

Two samples of potatoes, one from a normal hill and the other from 
a hill infested with “giant hill’ disease. 

Nine samples of sunflower silage grown at the Upper Peninsula Sta- 
tion. Twenty-five samples of flax were analyzed for total ash, soluble 
and insoluble silica. 

Twelve samples of corrosive sublimate solution used in treating seed 
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potatoes were analyzed to determine the effect of successive treatments 
upon the strength of the solution. 

For the Soils section eighteen soil samples were analyzed. 

For the Animal Husbandry section three samples of corn fodder and 
silage were analyzed, and for the Botany section ninety samples of 
sugar beets were tested. 

Forty samples of soil taken in connection with the Land-Economic 
Survey of Charlevoix County, conducted by the State Department of 
Conservation, were analyzed. In addition, Dr. Robinson spent about 
two weeks in the field assisting with the peat survey of the county and 
also co-operated in preparing the report on this phase of the subject. 

Twelve samples of commercial flour from Michigan mills were analyzed 
and tested as to baking qualities. The best flours were those that had 
a certain amount of hard spring wheat blended with the softer winter 
wheat. 

In addition, seventy-six samples of a miscellaneous nature submitted 
by residents of the State were analyzed. Collaborative work for the 
Association of Official Agricultural Chemists was done on methods of 
‘ analysis for crude fiber, insecticides, sulfur in organic materials and 
ash constituents of plants. 

In conclusion, I desire to acknowledge my gratitude to members of 
the staff for their hearty and loyal co-operation in the work of the sec- 
tion, and to you for your advice and support throughout the year. 

Respectfully, 
ANDREW J. PATTEN, 
Chemist. 
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REPORT OF THE SECTION OF ENTOMOLOGY. 


To the Director: 


Sir :—The present fiscal year has witnessed no changes .in_ the per- 
sonnel of the section of entomology. However, at the end of this fiscal 
year, June 30, Dr. W. L. Chandler will be transferred to the Department 
of Bacteriology. The projects in parasitology will henceforward be 
carried on by the Department of Bacteriology and microbology in the 
Veterinary Division. 


THE GREEN PEA APHIS. 
Tllinoia Pisi 


The summer of 1922 was notable for the prevalence of the pea aphis 
([llinoia pisi). On June 13, 1922, a trip was made in company with Mr. 
Harman, Extension Specialist in this department, to Kent City to view 
the fields of canning peas with Mr. J. Hackley Skinner, Agriculturist for 
_the Roach Canning Company, and Dr. Chas. Woodbury, National Can- 
ner’s Association. The fields were very badly infested and several tests 
of dusts were made with a large power duster. However, it seemed 
question whether the dusting paid in this case since the vigor of the 
peas had already sunk so low that the increased yield was hardly ex- 
pected to pay, for the application. The figures show the appearance of 
louse infested plants and also a healthy pod compared with one injured 
by lice. At the time of harvest the effect of the infestation was clearly 
demonstrated. 

On November 9th and 10th a conference of entomologists and others 
interested in the business of pea culture was held at Chicago where the 
whole question was discussed and experiences exchanged, after which 
a plan for co-operation was outlined. Representatives from California, 
Alabama, Wisconsin, Minnesota, Michigan, Indiana, Illinois, Maryland, 
New York and Ohio being present at this meeting, the following fact 
seems to have been demonstrated viz.—‘that the cost per acre of large 
spraying operations is from $3.50 to $6.00 per application, including 
cost of material, labor and depreciation of machinery, and aphis control 
will require, under ordinary conditions at least two applications. The 
expense of dusting, based on present data and costs of materials, is 
slightly higher than that of spraying. The speed with which dusting 
may be done, however, is much greater, and this counts in cases of 
emergency. 

On May 9, 1928, the Insect Pest popes! of the Bureau of Entomology, 
reported in special report number 25, the presence of the pea-aphis seri- 
ously injuring alfalfa from ava: ‘City to Boonville, Missouri. This 
report was turned in by Professor Haseman of Missouri. 

On the receipt of this report the writer computed, by means of the 
number of isophanes intervening between Kansas City, Missouri and 
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Grand Rapids, Michigan, about when such an appearance might be 
expected in Michigan, should the aphis appear at all in numbers. 

No corrections were made for elevation above sea level, the computa- 
tion being made rather loosely. I will say that this computation was 


Fig. 1—Healthy pea plant compared with one injured by pea-louse 


based on the work of Dr. A. D. Hopkins of the Bureau of Entomology, 
whose investigations on the progress of the seasons from the south to 
the north is our standard source of information. 

It would appear from these computations that we might expect a 
Similar development at the latitude of Grand Rapids and Kent City 
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where many canning peas are grown, on about Decoration Day. Fur- 
thermore, no corrections were made for the influence of large bodies of 
water. 

It is interesting to note that on the 22nd of May the pea-louse was 


Fig. 2—Healthy pea pod compared with one injured by pea-louse 


Fig. 3—Green pea-louse killed by fungus disease Empusa aphidis on pea 
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reported at Cassopolis, Michigan. Specimens were sent in, which left 
no doubt as to the identity of the louse. On the 26th of May we received 
specimens from Allegan and on the 25th from Paw Paw, where the louse 
appeared in enormous numbers on alfalfa and threatened the life of 
the plants. On the 1st, inst. (1 June) Mr. W. R. Roach of the Roach 
Canning Company, Grand Rapids, informed us by telephone that the 
lice were present at Kent City and vicinity in great numbers. Thus our 
conclusions as to the rate of progress of the season appear to be justified. 

Now, as tot he seriousness of the attack. On the Ist day of June, 
we were informed that on the 26th and 27th of May, the number of 
lice had noticeably decreased in the Paw Paw region, and in connection 
with this it is interesting to note that Mr. John Harman, Extension 
Specialist in this department, reports, after a visit to several places in 
the region of Paw Paw and Cassopolis, that the dwindling of the lice 
was apparently aided by four agents, namely: a large number of lady- 
birds, two species of hymenopterous parasites, one of which is Lysiphle- 
bus, and to a fungus disease which we identified as EUmpusa aphidis. 

Of course, the onslaught by the natural enemies of this pest was 
favored by the weather which had in the meantime become warm and 
summery, it having been, previously, quite cool, the season being back- 
ward. 

The appearance of the pea-louse in our alfalfa fields exactly at the 
time computed appears significant. 


GRAPE BERRY MOTH, 
Polychrosis viteana. 


The summer of 1922 witnessed the most serious outbreak of grape- 
berry moth that has ever occurred in Michigan, since our grape belt 
took its place among the real producers. 

The life history of this insect must be somewhat variable. We believe 
that three generations occurred, all of which overlapped noticeably. 
The pupal stage should be passed in little flaps cut in the leaves but care- 
ful search failed to reveal more than a very few such flaps. This led 
us to suspect the presence of the European species. However, all speci- 
mens bred from the grape belt proved to be the common American species. 

Our recommendations provided for a spray just before the blossoms 
open, another when the fruit is nicely set, and another spray just be- 
fore the grapes closed in the cluster, as late as possible before most 
of the berries touch and become tightly packed in the cluster. We also 
recommend that the spray be shot upward from below under good 
pressure and with liberality. This is possible only when the spraying 
is done by the trailer method, that is,—when a man follows the spray 
rig with an extension and a nozzle set at right angles to the extension. 
This is held under the fruit and the spray is shot upward so as to com- 
pletely coat each bunch of developing grapes. We also recommended the 
application of a fourth spray, two weeks after the one just mentioned. 
We intended this as an emergency measure and not for general practice. 

The cleaning up of brush and trash was strongly recommended since 
the injury was uniformly the worst on the borders of vineyards. This 
also helps ot control the leafhopper which was present in large numbers. 
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Now, the little flaps in the leaves in which the pupal stage is passed 
fall out and lie on the ground during winter and the advantage to be 
gained by early plowing under of leaves and the cover-crop is easy to 
be seen. We, therefore, recommended that the cover-crop be sowed early 
enough so that it could get its growth in the Fall and be turned under 
early in the Spring. This, we believe, will destroy many pupae. 

The spray generally used was arsenate of lead at the rate of one and 
one half pounds to a barrel of bordeaux with a pound of resin fish oil 
soap added for a sticker. It was recommended that 300 gallons to the 
acre be applied under high pressure. 


Fig. 4—Grape-berries just set. Blooming period completed. Time for second spray 


An inquiry into methods used in individual vineyards after picking 
time, clearly showed the superiority of the follow-up method over a spray 
put on with a boom rig. It also indicated the superiority of four sprays, 
the loss in some vineyards so sprayed being often less than 7%. The 
vineyards sprayed by the ‘boom method and with a less number of ap- 
plications, lost sometimes as high as 95%. This was exceptional how- 
ever, the loss over the entire vineyard usually being under 50% except 
on the borders of the vineyards. 

In general it may be said that the best results were obtained when 
hand-spraying was done by the trailer method and the best of all when 
the application was most liberal. We were greatly assisted in this work 
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by Mr. W. C. Eckard, County Agent for VanBuren county. Without 
his understanding and untiring effort the loss this year would have been 
far greater. 


CHINCH BUGS. 


A severe attack on corn was made by chinch-bugs in the southern 
tier of counties in 1922, and in response to a call for help, Mr. Harman, 
Extension Specialist in this department, conducted a successful cam- 
paign aided by Mr. H. G. Putnam, a recent graduate of Michigan Agri- 
cultural College, the two working in co-operation with the County 
Agents. 

The adult chinch-bugs pass the winter in clumps of grass, under fallen 
leaves, and rubbish, and wherever protection from the weather may be 
had. In the spring they fly to fields of wheat where eggs are laid. The 
young bugs, when hatched, suck the sap from the young wheat plants, 
causing serious losses in the wheat itself. After the wheat begins to ripen, 
the bugs start out on foot to reach corn fields, often almost covering the 
ground, so great are their numbers. They finally climb up into the 
corn, and attack the fresh, green plants. The bugs work even more 
deeply into the fields until there is no hope for the crop. Here a new 
generation of bugs is produced, the adults of which pass the winter 
in grass and rubbish, as did the first ones noted. 

The greatest damage in Michigan is done when the bugs attack the 
corn, and if the owner can stop the progress of the bugs before the corn 
is attacked, or at least before they get beyond the first few rows, he can 
usually avoid serious damage. Only a few of the bugs of the summer 
generation fly, the swarms traveling on foot to invade the corn, and 
therefore a barrier placed between the grain fields and the growing corn 
serves to protect the corn for the time being. 

Various types of barriers are used in chinch-bug infested regions, but 
the one most successful under Michigan conditions seems to be the one 
used extensively during the invasion of 1922, and described by Mr. J. 
H. Harman as follows: 

“First—Drag a weighted plank, ten or twelve inches in width, across 
the line of advance. This forms a smooth path on which to lay tar. If 
the chinch-bugs have advanced into the corn it is well to lay out the 
path a few rows ahead of the line of infestation. 

“Second—In the center of the path dig a series of post-holes twelve 
inches deep and twenty to thirty feet apart. Be sure to bevel the 
rims of the holes. 

“Third—Lay down a line of tar about an inch in width on the side of 
the path farthest from the advancing bugs, being sure that it touches 
the rim of each hole. As the bugs advance to the tar line they will 
not cross, but will start along parallel to it in an effort to find a place 
to pass over. As they reach the holes they pass over the rims and fall 
to the bottom. 

“Fourth—In the bottom of each hole place about two inches of hydrat- 
ed lime and dust it around the sides about half way up. The insects 
falling in the lime cover themselves with the dust and soon suffocate. i i 
is well to visit the holes once a day and stir the lime. When the insects 
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are numerous one should renew the lime every three or four days or 
oftener as the case may demand. 


DUST MULCH CONTROL OF CHINCH BUG. 


“The dust mulch barrier is a complete barrier to the migrating chinch- 
bug where the soil is sandy. If there is any great amount of clay with 
the sand, it forms clods and will not break down fine enough to be of 
use. 

“Select the location where you are to construct the mulch barrier, 
figuring on a path six or seven feet in width. 

“When the time of migration approaches, plow a deep furrow down 
the center of the path, throwing the earth toward the insects. Plow 
back in the same furrow, throwing the earth away from the insects. 
Procure a log about twelve or sixteen inches in diameter and about 
five or six feet long. Hook a team to the log and drag it back and 
forth in the furrow. This rubs up the lumps and keeps the sand loose 
and soft. The bugs will fall into the trench but can not crawl out. 

“Where the soil is well dried out and easy to pulverize it will require 
dragging only about twice daily. This daily dragging will kill any bugs 
in the trench.” 

Destruction of the hibernating adults in their winter quarters, in 
permanent control work, can be accomplished most easily by fire. The 
bugs hide away in grass tussocks, under fallen leaves, in brush piles, 
under shocks of corn, and in fact in any place where shelter from too 
sudden freezing and thawing may be had. 


GRASSHOPPERS. 


The grasshopper situation is improving steadily in the parts of the 
state first attacked. The hoppers spread slowly around the edges but 
natural enemies are multiplying at such a rate that we look for a re- 
turn to normal in the older infested areas with a gradual dying out of 
the pests on the border. 

This will naturally be succeeded in time by a new outbreak after a 
few years, since the large areas of cut-over land, and land not under 
cultivation, offers very favorable conditions for grasshoppers, whenever 
there are dry seasons. 

The Upper Peninsula is still badly infested, the natural control has 
not progressed so far as in the upper half of the Lower Peninsula. One 
must still feed the pests on poisoned baits in order to help restore 
normal conditions. 


THE BEAN-WEBVIL. 


For several years the number of bean weevils, Bruchus obtectus, sent 
in to this office has been increasing. An inquiry into the matter leads 
one to believe that the beetle is not uniformly distributed over our state 
but that it is quite local in its distribution. It is also a fact that 
Michigan easily leads all other states in the production of white beans. 

It was, therefore, deemed worth while to carry on something of a cam- 
paign against this pest which is beginning to make itself felt in the 
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market. Michigan beans have heretofore enjoyed the reputation of being 
clean and free from weevil. 

Some attempt has been made to spread the gospel of clean seed, 
and to urge growers to fumigate their product whenever weevil ap- 
peared. This movement has been greatly facilitated by the manufac- 
turers of carbon disulphide who are willing to supply moderate quant- 
ities of a very good grade of this fumigant at between six and seven 
cents per pound which is a fraction of the price ordinarily paid to the 
retail dealers. 

Thus far the elevator men and the big growers have taken very kindly 
to the idea and are willing to go to some little trouble to maintain our 
previous high standard of quality. 


THE THREE-BANDED GRAPE LEAFHOPPER,. 


The three-banded grape leafhopper (Typhlocyba tricincta) was plenti- 
ful in the grape belt but the spray of bordeaux and nicotine sulphate 
was timed just right by a large proportion of the growers with very 
eratifying results. The most effective applications were put on just as 
the members of the first brood were about to acquire wings. Of course 
some of the individuals were still in the egg stage but it seemed as if 
the spray prevented some (at least) of these eggs from hatching. At any 
rate the loss from leafhoppers was considerably less than the loss during 
the year before, in spite of the fact that the season started with an 
abundance of over-wintering adults. 


POTATO LEAFHOPPER IN ALFALFA. 


Leafhoppers in alfalfa appeared in very small numbers during the 
latter part of the summer of 1922. No adequate control was found. All 
sprays and dusts seemed too expensive to warrant their use. The species 
proved to be the common form on potato (Hmpoasca mali). This un- 
usual attack accentuates the desirability of burning all rubbish and 
fallen leaves, which collect in fence-corners, around hedges and like 
places late in the fall,—thus destroying the hibernating quarters of the 
over-wintering hoppers, together with many other noxious pests. 


PARADICHLOROBENZENE. 


Paradichlorobenzene is coming into pretty general use against the 
peach-tree borer. It is proving to be a safe and effective agent, and 
has one very valuable attribute viz., by its use one can avoid the opera- 
tion of “worming” peach-trees with its very real hazard of carrying the 
infection of crown-gall from tree to tree on the tools employed. This 
consideration alone should recommend the use of the chemical treat- 
ment very strongly. The writer has witnessed the spread of crown-gall 
from a few trees to an entire peach orchard merely by using an un- 
sterilized knife on tree after tree in removing the larvae from about the 
crown. 


EXPERIMENT STATION REPORTS. 227 


TERMITES, 
Leucotermes flavipes. 


Every year seems to impress on us the conviction that white-ants 
(termites) are not confined to southern localities but that they are 
finding in Michigan suitable homes. 

At present we are trying to find a way to save a large cherry orchard 
and a fair-sized peach orchard in Oceana county. These orchards are 
set on ground formerly used for orchard purposes and many stumps are 
present. 

The termites work from their nests in the old stubs to the young 
trees, feeding on the otherwise healthy young roots and finally riddling 
them. 

A treatment of paradichlorobenzene succeeded in driving the termites 
down to a point where the gas did not reach them and also in some injury 
to the young trees. 

At present the old stumps are being taken out with dynamite and 
small nests will be treated with carbon disulphide. 


BORER REPELLANT. 


After a search covering a period of twenty-five years the writer has 
at last found a dressing which serves fairly well as a repellant against 
the flat-headed borer and which undoubtedly will prove as_ effective 
against other borers as well. During 1922 the formula stood as follows: 


Common laundry soap .......... 50 pounds 
AEE NES CARER A aa? a cae 5 gallons 
Plake naphthaline: 20.020: seas 25 pounds 
BUG Uae eve oh trehes Se ov ay chia o75 Sony a aot cacnave ss 2s 2 pounds 


Place the soap in the water over steam-pipes and allow it to soften 
for a few days. Use a potash*soap which will form a smooth mixture, 
not a soda soap since the latter becomes jelly-like. Then place in a 
double boiler (we use a medium-sized wash-boiler placed inside a very 
large one) and cook until the temperature reaches 180° Fah., stir in 
the flour and add she naphthaline and bring the temperature to 180°, 
at which temperatire the naphthaline will have melted, the melting 
point of naphthaline. being 176°, then cool as quickly as may be, stiring 
the mixture occasionally. 

The more rapidly the mixture is cooled the smaller will be the crystals 
of naphthaline. 

In our experimental work this mixture was made up during the 
winter and stored in air-tight drums. It should be applied with a 
brush after warming and thinning slightly to the consistency of heavy 
cream. In our trials applications were made three weeks beginning 
June ist, and in no case thus far has any injury to the trees resulted. 
At the same time almost no flat-heads have been found in trees so pro- 
tected although they abounded in the checks and in some cases had done 
very serious injury to young trees in the same orchards previous to the 
application. Our tests have covered a period of about four years and 
have been made on several thousand trees. 
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It seems likely that it will be possible to extend the interval between 
treatments without losing a reasonable insurance against attack and 


perhaps the same treatment will protect from other borers of the trunks 
and limbs of various trees. 


CODLING-MOTH SERVICE. 


The experiment dealing with the setting of the date for the August 
spray for the second generation of codling-moth has developed into a 
regular service. The plan seems to work out well enough so that the 
apple growers who depend on our data are satisfied and convinced that 


Fig. 5—So-called ‘‘side-worm”’ work, due to codling moth ° 
The apple was entered late in the season, but the larva either died or stopped work before penetrating 
deeply. 


Fig. 6—Exit hole of codling moth 
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the dates computed are preferable to dates determined merely by guess 
work. The difficulty thus far has consisted in getting enough early 
“wormy” apples to fill the cages in time. 

Much remains to be done in perfecting details and in determining the 
exact value of the influence of Lake Michigan in retarding the season 
in its immediate vicinity and in determining the influence of different 
soil conditions. 


Fig. 7—Typical burrow of codling moth. Conspicuous about the core 
GRAPE BLOSSOM MIDGE. 
(Contarima johnsoni.) 


This insect which rather recently appeared in our state has heretofore 


Fig. 8—Buds of grape. The dark colored and swollen buds contain the maggots of the grape-blossom 
: midge 
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confined its attacks to a very restricted area. This year, however, it is 
spreading over the grape belt so that a few are to be found here and 
there in widely separated vineyards. The appearance of infested buds 
is shown in figure —. 


Fig. 9—Infested bud of grape teased apart to show maggots of grape-blossom midge 


PEACH THRIPS. 


The peach-thrips (Thrips tritici) is appearing and being recognized 
in other states. It continues to do an appreciable amount of injury 
to “Elbertas” almost every year in Michigan. Careful life-history 
studies and tests of control sprays are very desirable in the case of this 


~ 


Fig. 10—Work of peach-thrips on Elberta peach 
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pest, especially in our state where the sale of fancy fruit in Chicago as- 
sumes such proportions. The peach-thrips does not destroy so much 
fruit but it puts what would otherwise ‘be a fancy peach in the cull 
class and if any appreciable proportion is so affected, the money loss 


is severe. 
THE SPRUCE CONE WORM. 
(Dioryctria reniculella. ) 


A larva, whose adult was identified for us by Dr. August Busck of the 
National Museum, appeared during early June, 1923, on the young and 
tender leaders of Norway spruce. This slender larva which measured 


Fig. 11—Work of spruce cone-worm on leader of young Norway spruce 


Fig. 12—The spruce cone-worm, larva and adults 
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about five-eighths of an inch long attacked sometimes the side of the 
soft leader and at other times it tunneled up through the center. 

The species.is recorded as webbing spruce cones together and of tun- 
neling through the cones. Quite a large number of the young Norway 
spruces in the forestry nursery and others of small size which had re- 
cently been set, lost their leaders. 


BIRCH LEAF SKELETONIZER. 
(Buculatriz canadensiella. ) 


This insect seems to have come to stay for a while. Each year com- 
plaints come in from resorts in the vicinity of the Cheneaux Islands that 
the white birches are being defoliated, and these canoe birches play an 
important part in rendering our northern resorts attractive. We have 
recommended the application of a spray of arsenate of lead put on in 
the ordinary way. 
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Larya, cocoons and molting shelters of birch-leaf skeletonizer on leaf 
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‘Specinens received during late August and early September showed 
small’ ‘light-green larvae, less than one-fourth inch long, which skele- 
tonize the leav es. There are also present very small white silken shelt- 
ers . used by the larvae during molting, and also ribbed copper-brown 
cocoons in which are the pupae. The winter is passed in the cocoon, 
The infestation seems to be spreading. 

During the year of 1922-23 the European corn-borer has progressed 
very slowly. It is at the present writing confined to very small areas, 
no extensive new areas having been discovered. 

The garden web-worm (Lowostege similalis) continues its depredations 


. 


EXPERIMENT STATION REPORTS. 233 


on alfalfa seedings. In controlling this pest the cultipacker has proven 
superior to the ordinary roller. It is usually adequate. 

Several species of ants have made themselves conspicuous both in 
dwellings and in lawns. 

The bumble flower-beetle appeared during the autumn and destroyed 
a certain amount of fruit. Inasmuch as this pest seems to have no 
adequate control its appearance is more to be dreaded than that of some 
more serious pests which may be kept in check. 


Fig. 14—Leaf of white-birch injured by the birch-leaf skeletonizer 


Cucumber-beetles (Diabotica vittata) were unusually prominent and 
led to the publication of directions for their control, by dusting, in the 
Station Quarterly. 

Cut-worms seem to be bad with us every year. One species as yet 
undetermined is strongly attracted to sweet clover, the county agent of 
Benzie county sending us fifty-two collected about the roots of a single 
sweet-clover plant. 

Alabama argillacea appeared very late in the fall. We are beginning 
to expect it annually. No satisfactory control has yet appeared. Trap 
lanterns kill a few, and the covering of picked fruit seems to pay for 
itself, 
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ROSY APHIS IN 1928. 


The rosy aphis of apple is present in numbers this year, the late sea- 
son proving favorable to its development. 

During the year the following articles were published in our Quarterly 
bulletins: 


Vol. 5. August, 1922, No. 1, Cockroaches. E. I. McDaniel. 

Vol. 5. February, 1923, No. 3, The Control of the Grapeberry moth. 
BR. Pettit: 

Vol. 5. May, 1928, No. 4, The Striped Cucumber-beetle. R. H. Pettit. 

Vol. 5. May, 1928, No. 4, A Repellant for flat-headed borers. R. H. 


Pettit. 


Special bulletin No. 76, by R. H. Kelty was revised and rewritten, 
being published in February, 1928. It deals with transferring bees. 

Circular bulletin No. 51, on the Chinch-bug, by R. H. Pettit, was gotten 
out in August, 1922. Also Circular Bulletin 49 in July and Circular 
Bulletin 52 on the Grape-berry moth in December, 1922, by the same 
author. 

The following four press bulletin by R. H. Kelty were printed during 
the year: 


No. 65, October, 1922, How and When to Make Increase. 

No. 66. October, 1922, Packing Cases for Outdoor Wintering. 
No. 67. October, 1922, Queen Rearing for Home Use. 

No. 68. October, 1922, The Tar-paper Packing case. 


A circular on the cockscomb See of elm is now ready for the printer. 

During the fiscal year of 1922-23, some progress has been made in 
Adams Project 4e, being “an inquiry into the prevalence, extent of in- 
festation, economic significance and methods of control of the pathogenic 
parasites of food animals.” Dr. Chandler in whose charge this work 
lies reports the discovery of a very successful vermicide which promises 
a great deal in the matter of eradication of stomach-worms. 

Under the headings of Hatch and State projects: Project 1, which 
deals with codling moth is discussed under that heading. 

Project II: Studies in the control of insect pests in dwellings and 
stored foods in charge of Professor E. I. McDaniel, has progressed some- 
what. Numbers of “experiments have been made as opportunities pre- 
sented themselves. 

Project III: Studies in the control of insect pests of greenhouses, by 
Professor E. I. McDaniel, is somewhat further advanced, since the work 
of writing a bulletin has already been begun. 

Project IV: Dealing with the control of the peach-borer, grape- 
leafhopper, grape-berry moth, and pear psylla, shows also some progress. 
A bulletin on the grape-berry moth has already been issued during the 
year and a number of tests in the use of paradichlorobenzene has “been 
made for the control of the peach-borer. 

Project V: Has been practically brought to a successful completion, 
a report of this project being recorded in this Annual Report. 

Project VII: Was started during the summer of 1922. It deals with 
the records of business management of apiaries, being in charge of Mr. 


EXPERIMENT STATION REPORTS. 235 


Kelty of this department and Mr. Riddell of the Department of Farm 
Management, but during the reorganization of College affairs last Fall, 
Mr. Riddell was transferred to other work and thus far we have been 
unable to get any one else assigned to the project. Considerable pre- 
liminary work has been done in preparing blanks and distributing the 
same with directions to the beekeepers for filling in such blanks at in- 
tervals, but for the reasons givin nothing has been done for some time 
on this project. 

A project on the pea aphis control was authorized at the instance 
of the Pea Canners of the State. This is an important matter since 
the pea aphis is the cause of enormous losses every few years. How- 
ever, it has been impossible to attack this problem because no funds have 
been provided. 

Respectfully submitted, 
Re, He PHERIT: 
Entomologist of Experiment Station. 


236 STATE BOARD OF AGRICULTURE 


REPORT OF THE SECTION OF FARM CROPS. 


To the Director: 


Sir:—I am glad to report development in our major lines of crops 
experimental work and the addition during the year of new projects, 
the fulfillment of which should give valuable results. 

Co-operative arrangements have been made with the Bureau of Plant 
Industry of the United States Department of Agriculture for the earry- 
ing on of extensive sugar beet breeding and cultural projects. On April 
Ist the equipment of the Blissfield Station for sugar beet investigations 
was transferred to this station, and the U. S. D. A. North-central States’ 
Sugar Beet Experimental Station was definitely placed at M. A. C. Mr. 
E. E. Down was transferred to half-time service on the Bureau of Plant 
Industry rolls, and is in charge of this phase of the work. 

Mr. C. E. Cormany is devoting a large part of his time to cultural in- 
vestigations with beets. 

Breeding work with potatoes has reached a point where minor in- 
creases of improved strains will soon be available. 

Herewith follows detailed reports from experiments in charge of 
the main projects: 


REPORT OF RESEARCH ASSOCIATE F. A. SPRAGG, 


In Charge of Plant Breeding Projects. 


It seems that with the years our work is expanding, and yet the 
number of crops that we are dealing with is being reduced. The in- 
creased work comes as a result of dealing with a larger number of varie- 
ties, and a general expansion of the breeding work with the more 
important crops. 

I feel that we are fortunate in being able to obtain the services of 
Mr. H. M. Brown to take the general line of investigations that Mr. 
Down lays down. Mr. B. B. Robinson is giving considerable assistance 
as a Graduate Assistant. In addition to this, certain projects would 
not be possible were it not for the fact that we were able to obtain the 
services of at least one advanced student during the summer. This 
year we had Mr. R. K. Rosa, who was with us last year to assist in the 
technical work. Also, I must acknowledge the efficient way in which 
Mr. Geo. Getman and his helpers take care of the preparation of the 
land, planting, cultivating, and harvesting the crops involved in these 
investigations. In the potato breeding work, Mr. Cormany continues 
with the immediate touch, giving me the advisory position in the breed- 
ing of this crop. 

It seems a little difficult to give a brief outline of different lines of 
work in any other form than that of a table of plant breeding projects. 
The following statements bring out some points that characterize changes 
or developments since the last report: 
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ALFALFA BREEDING. 


Since the last report a new nursery including 11,400 individuals has 
been set out and it would appear that considerable improvement has 
been made since the last generation. 

We now have not simply a Hardigan alfalfa, but a large number of 
strains of Hardigan that appear just as different from one another as 
the strains of alfalfa obtained from other sources differ from one an- 
other. 

A large group of new strains come from Siberian sources. They may 
be expected to more winter-hardy. ‘When we received the original lot 
of seed from which these lines come, it was planted in the 1916 nursery. 
Those plants showed great variability in erectness, color of blossoms, 
and most everything that would characterize differences in alfalfa. 
However, ‘Siberian plants of the 1916 nursery were very poor seed pro- 
ducers. Some seed was saved from the row, however, and this was 
planted in the 1918 nursery where we found a few plants with a rea- 
sonable good seed production. These strains were again selected for the 
1920 nursery where they showed great desirability from the standpoint 
of. commercial alfalfa. In the 1922 nursery most of these strains are 
- quite erect, have unusually low crowns, and seem to be high producers 
of hay. ; 

The segregation of the color of the flower of the Siberian lot of alfalfa 
enticed Mr. B. B. Robinson to attempt a study of the inheritance in 
alfalfa as a master’s thesis, and for that purpose he set out approximately 
ten thousand individual plants in the spring of 1923. 

At the present writing it would seem that there are a number of 
strains of alfalfa in the nursery that would be even more desirable com- 
mercial varieties than the Hardigan now in the hands of farmers. These 
are strains coming from Hardigan after passing through three more 
generations of individual plants. As soon as the problem of increasing 
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alfalfa can be worked out among farmers these new strains should be 
increased and distributed. 


BARLEY BREEDING. 


The barley investigation at the present time has been greatly re- 
duced. It is represented by a series of small lots that are being in- 
creased to plant a varietal series as soon as the three years of oat-testing 
is complete, and the land is available. Most of the strains in this barley 
series come from a cross between Mich-2-Row, and Michigan Black 
Barbless barleys. This cross was made in 1916, and the strains that 
are being saved are white, smooth awned types. The hope is that a good 
yielder may be found from among them. 


BEAN BREEDING. 


About six aeres are devoted to the bean varietal series. This new 
series was first planted in the season of 1921, but because of the adverse 
conditions at harvest, we feel the results of that season are not reliable. 
Thus we will consider the bean series in the second year with one more 
year to go if we are to obtain a three-year average. 

These are all white pea beans coming from selections that were made 
during the time that the bean varietal series of 1917 to 1920 was being 
run. In addition to this series we have \been continuing our selection 
work from other sources, and from crosses from the various varieties of | 
field beans. 

A year ago we were asked to take on garden beans because that line of 
breeding was not being carried at the Michigan Agricultural College. 
This work is being expanded in the present year with the co-operation 
of Mr. George ‘Starr who has recently come to the institution to take 
up the breeding of garden crops. When the testing of the present 
varietal series is complete we hope to have a large number of new 
strains coming from promising individual plants, that are sufficiently 
increased to plant individual plats in a new varietal series. This new 
varietal series no doubt will be partly field sorts and partly garden 
varieties. 


CORN BREEDING. 


Corn breeding work has expanded considerably since the last writing. 

In 1921 a large number of selfed ears were obtained which were tested 
in boxes to eliminate such ears as showed undesirable seedling char- 
acters. The ears that stood the box test were further tested in an ear- 
row series in the summer of 1922. A strain of Golden Glow, being used 
as a check, was planted in each third row of that series. Perhaps half 
of the corn in the ear-row test came from the Duncan variety, and we 
were very greatly surprised to discover the number of types and the 
great range of characteristics to be found in one variety when the in- 
dividual strains are represented by selfed ears. 

Many of these strains were unusually early and small. A few were 
especially late and large. A few of the rows had unusually uniform 
ears when harvested, but a great many of them had undesirable types. 

During the season anyone who examined the series critically could 
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not help being struck with the uniformity of the plants in the row as 
contrasted with the lack of uniformity among the plants of a commercial 
variety. All these rows were represented by remants which were saved 
for future planting. 

The isolated corn plats of this year are mostly the inter-rowing of 
desirable remnants in order to obtain a complete cross to be used in 
future work. For instance, a cross would be made between remants 
whose rows were similar in point of earliness in the ear-row test, showed 
‘exceptionally good characters, and were high in general production. 

There is no ear-row test in 1923, but the breeding plat is planted 
almost entirely to corn coming from inter-crossed remnants from previ- 
ous years which are expected to segregate this year. As many self-fer- 
tilized ears will be obtained from this block as our time and ability 
will permit, and from this a much larger ear-row test will be planted in 
1924 from ears that stand the test in boxes during the winter. 


CRIMSON CLOVER BREEDING. 


In the last report two lines of Crimson clover work were mentioned, 
the one being planted in the spring, and the other in the fall. The fall 
planted lot appears to be a failure as most of the stock was completely 
frozen out in the winter of 1921-1922. The spring planted strain was 
obtained from Antrim County and drilled in rows about May 1st, 1921. 
These rows proved to have such a mass of mosaic that it seemed no 
seed could be produced. However, some seed was saved, enough to plant 
a bed in the spring of 1922. 'These plants were sorted to eliminate those 
that had already developed mosaic when they were about six weeks 
old. The healthy plants were planted on the same land that had pro- 
duced such a mass of mosaic clover the year before. The land had 
been plowed and fitted, but would be expected to contain a large amount 
of disease. This was done in the hopes that some disease-resistant in- 
dividual might be found, and a few were found that did not develop 
mosaic up to the time of maturity. 

‘Seed was saved from these healthy plants, and their progenies have 
been set out in a new nursery of 1923. They are again planted on the 
land that has grown diseased plants two years. ‘Seedlings of this year 
did not seem to have any mosaic on them at the time they were planted. 
The indications are that progress is being made in the breeding of a dis- 
ease-resistant Crimson clover that may be produced as a summer an- 
nual under Michigan conditions. It would appear that such seed may 
be planted in the fall as an orchard cover crop which may make a 
vigorous growth in the fall, and be winter-killed. I am told that this 
is the kind of cover crop that is desired by orchardists. 


HEMP BREEDING. 


The hemp work has proceeded to a point where the station now pos- 
esses a strain that is worthy of increase as soon as a hemp industry 
needs such an increase. It is vigorous and ripens seed under Michigan 
conditions. 
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HUBAM BREEDING, 


Hubam as it is generally known is an annual white sweet clover. The 
race that is being carried on survives the winter. 

There were five acres of Hubam on the college farm in 1920. The fol- 
lowing spring it was discovered that about one hundred plants on an 
acre were still alive. Some of these plants were transplanted in a 
group entirely away from the general field. The seed from these indi- 
viduals was used to set out a Hubam nursery in the summer of 1922. 
This race segregated extensively into types that blossomed the first year 
and those that did not. 

We are continuing with individuals that produced flowers in the first 
season, and survived the following winter, with the thought that it 
may be possible to produce a perennial sweet clover. It is well-known 
that the ordinary biennial type dies when once it has produced its seed: 
crop. If this work can find a strain that can Pas seed, and sur- 
vive, it is clearly of a different type. 

There is also another line of sweet clover investigation that may be 
mentioned here. It is a low bush type that sends up a large number of 
fine stems in the place of a few large but taller ones. This low bush’ 
type has been observed in both the Hubam and the biennial types. A 
strain of low bush beinnial has been isolated, and if it can be kept from 
being crossed upon, should be productive of a much better quality hay 
than is possible by the old type. 


OAT BREEDING. 


The work with oats at the present time is almost entirely confined 
to extensive varietal testing. Most of the varieties are strains that have 
come from individual plant selections in former years. Certain promising 
commercial sorts, together with certain new strains that have been pro- 
duced by other experiment stations are also included in the varietal 
series, 


POTATO BREEDING. 


Of the thirty-one hundred tuber-units planted in the spring of 1921 
only eight hundred and fifty-four were saved in the fall because these 
were superior in yielding quality. A tuber was taken out of each of 
these for testing in the greenhouse. A bud from each such tuber was 
planted to determine whether the individual tuber contained Mosaic or 
other physiological diseases. If a bud developed any of these diseases, 
the potato and the tuber-unit, from which it came, were discarded. This 
work reduced the number of units to five hundred and sixty-five. The 
healthy tubers were planted in new tuber-unit series in 1922. 

These were again tested in the greenhouse during last winter by 
taking a bud out of a potato from each tuber-unit. If the bud developed 
disease, the lot that the bud represented was discarded. This reduced 
the number. of, units to one hundred and sixty-three. The healthy 
tubers were planted in tuber-unit lots in 19238. 

It seems very difficult to get away from Mosaic, and other physiologi- 
cal diseases. The hope is that a strain may be found entirely free from 
these diseases that will also be a high producer. The purpose is to run 
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the disease-free lots in varital series and increase the highest yielder for 
the general trade. 

A row series was run in 1922 representing the five hundred and 
sixty-five lots from which the healthy tubers came. This row-series was 
checked with a tuber-line coming from the Upper Peninsula Experiment 
Station. ; 

During the last winter a large number of tubers from, the check 
strain was also tested, and we were surprised to find that a large por- 
tion of these also developed disease under greenhouse test. The sixty- 
one healthy tubers from the check strain are also planted in the 1923 
tuber-unit series. 

There is also a row series planted in 1928 from the one hundred 
and sixty-five units from which a healthy tuber was obtained as indi- 
cated by greenhouse test. This series, however, does not contain a check 
because the check that we were using contains too much disease and 
we have no other strain that is sufficiently increased to be used as a check. 
These rows may be considered an increase, and if they prove. to be 
healthy a varietal series can be set up, as soon as a healthy strain can 
be increased sufficiently to be used as a check. 


RYE BREEDING. 


The table of projects shows seven different interests in rye breeding. 
These have several cross relations. 

In the first place we have a large number of strains coming from 
selfed heads that are being isolated in order to obtain enough seed to 
plant a row series in the fall. 

This row series will be planted from a portion of each lot of seed. 
The remnants will be saved for future planting. This process has al- 
ready been run through once and the remnants of the most desirable 
lines are now under inter-cross. The thought is that selfing may reduce 
the vigor somewhat, and that inter-crossing of the remnants will re- 
turn the vigor. Selfing is necessary if definite characters are to be fixed 
and certain others eliminated. 

In the fall of 1921 a large number of ryes were obtained from various 
experiment stations over the country! Our circular letter aimed to find 
all of the ryes that are being recommended by experiment stations. 
These ryes were included in a varietal series which also included a num- 
ber of strains of Rosen. ‘The series was repeated this year and will 
be repeated the third year in order that we may find the better yielding 
ryes for breeding purposes and that we may become intelligent regard- 
ing the relative values of the various pedigreed varieties under Michigan 
conditions. 

About five thousand individuals in each of the rye varietal series of 
the past two years have been covered with little parafined envelopes 
in order that the kernels produced on the heads would be self-fertilized. 
The selfed heads of last year that contained reasonable numbers of 
kernels of desirable quality produced the lots of seed that were isolated 
this year for increase. The isolation was accomplished: by planting 
the lots two rods apart in the alleys of the wheat series and enclosing’ 
in cheese-cloth. 
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SUGAR BEET BREEDING. 


The sugar beet breeding work had its beginning in 1919, when Mr. 
Hugh ‘Smith made a large number of selections from a few commercial 
sorts. He used these in the following year in connection with his thesis 
on methods of breeding sugar beets. 

When Mr. Down returned from the war he brought with him a strain 
of beets from Germany, and undertook the collection of all the promis: 
ing commercial lots of sugar beets that could be found in the trade of 
this country. In 1921 Mr. Down planted a varietal series, and has re- 
peated the series in each of the following two years. 

In 1922 an attempt was made to self-fertilize individual selections 
in isolation. Those that had been selected at the Michigan Agriculturai 
College were planted in farmers’ gardens not far from the college, but 
because of poor storage conditions these beets did not do well. 

Another lot of isolations was obtained from the \St. Louis Sugar 
Company. ‘These were planted by Mr. Down in Gratiot county, and 
from that source he has obtained quite a number of lots of seed from 
individual beets. ‘These progenies are included in the 1923 series. In 
addition to this, the United ‘States Department discontinued their plant 
breeding work at Blissfield this spring, asking us to continue the work 
with the stock that they had at hand in connection with that station. 
This has so expanded the sugar beet breeding work that Mr. Down will 
now devote his entire time to that crop. 


WHEAT BREEDING. 


The present wheat varietal series contains a large number of selec- 
tions coming from the crossing work of previous years, notably 1912, 
1916, and 1919. These are stranis that have been fixed in the centgener 
plats and are now under a competitive yield test. \Six of these are 
also being increased for distribution. In addition to this the centgener 
series of this year contains an extension of the selection work from 
crosses of more recent date, and also from commercial sources. A new 
series of crosses in wheat was made in the spring of 1925. 


REPORT OF RESEARCH ASSOCIATE C. R. MEGEE. 


IN CHARGE OF FORAGE CROP INVESTIGATIONS. 


A study of the value of clover seed from the various producing centers 
for Michigan conditions: 

Southern European strains were found to be inferior to Michigan Red 
Clover. Plants from Italian seed were much less winter hardy and 
much more susceptible to anthracnose than plants from Michigan seed. 
The French strain was not injured to as great an extent as the Italian. 
However, it showed considerable winter killing and anthracnose, and was 
inferior to the Michigan strain. A number of strains from Northern 
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Europe, including Tystofte from Denmark, Broad red and Montgomery 
red from Wales, and a Hamburg strain, were compared and none found 
to be superior to Michigan seed. 

A comparison of the different strains of sweet clover: 

In this test the biennial yellow yielded somewhat less, approximately 
two-thirds, as much as the biennial white sweet clover. 

It was from seven to ten days later than the biennial white and had 
a smaller stem and finer leaf. The Early Dwarf also known as the 
Grundy County L[llinois White Sweet Clover was finer stemmed than 
the common biennial white. 

Hubam or annual white sweet clover was found to give about the same 
yield as the biennial white when sown and harvested the same season. 
The dry matter per acre produced by the root system of the biennial 
white was materially greater than that produced by the Hubam. 

For pasture and green manuring the biennial white strain is to be 
recommended, while for hay production the Early Dwarf due to its 
fine stem deserves further consideration. 

Soybean variety test: 

A number of soybean varieties have been tested for both forage and 
seed production. The Manchu gave the highest yield of both seed and 
forage. Other varieties worthy of mention are the Ito San and Black 
Eyebrow. 


The comparative adaptability of different species of legumes to muck, 
sand and sandy loam: 

The different species of Trifolium such as Pratense, Subterranean, 
Dubium, Panonicum, Fragiferum, Hybridum and Repense as well as 
different species of Lespedeza, Lotus, Lupinus, Melilotus, Medicago, 
Poterium and Anthylis are being studied. Project started spring of 
1928. 

Mammoth clover: 

A study of the plant characteristics of a hundred lots of Mammoth 
Red clover secured from various sections of the state. 

White clover studies: 

A study of the plant characteristics of a number of white clover strains 
including English wild white. 

A study of the value of alfalfa seed from the various production 
centers: 

The variegated strains, especially Hardigan and Grimm were found 
to be superior to any of the common strains. The northern grown com- 
mon strains, however, were far superior to the southern grown common, 
such as Arizona common and Hairy Peruvian. 
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REPORT ON CORN PROJECTS. 


BY J. R. DUNCAN, CORN SPECIALIST. 


Ear-row plat M. A. ©. Dunean, 51 ears. 
Ear-row plat M. A. C. Yellow Dent, 51 ears. 
Kar-row plat, ear character study, 63 ears. 
Variety plat, 24 varieties. 

Rate of planting plat, 12 spacings. 

Merger plat (6 ears), M. A. C. Duncan 

Merger plat (6 ears) M. A. ©. Yellow Dent. 
Merger plat (8 ears) Selfed strains Dunean. 
Merger plat (7 ears) Hulless Popcorn. 
Increase plat (one acre) Frost Resistant Dunean. 
Increase field (ten acres) M. A. C. Duncan. 
Increase field (ten acres) M. A. C. Yellow Dent. 


Continuing the co-operative work with the W. R. Roach Canning Com- 
pany on the improvement of sweet corn varieties, the seed from the 
merger plats of 1922 was carefully inspected for planting an eight to 
ten-acre increase field this year of each of the following five varieties : 


Early Bantam. 
Crosby. 
Hickox. 
Shaker. 
Evergreen. 


REPORT OF CROP EXPERIMENTS. 


D. F, RAINEY, ASSISTANT IN EXPERIMENTAL WORK. 


In conducting co-operative varietal demonstrations, we are follow- 
ing Experiment Station practices right on the farm, thus giving the 
farmers of a community accurate comparative data secured locally, on 
the basis of which they can make their choice of the variety to raise. 

Because we usually plant but one demonstration of a kind in any one 
county, and an attempt is made to distribute the work widely over the 
state, there are necessarily few demonstrations of each kind planted; 
and further, but one man is doing this work. 

In furtherance of our plans to show by varietal demonstration plots 
the superior yielding ability of the pedigreed grains over most local 
strains, the following have been planted during the past year: 


- 
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on 


5 wheat demonstration plots. 
2 oat demonstration plots. 
5 field bean demonstration plots. 


To demonstrate the relative hardiness and consequent yielding ability 
of the varieties of alfalfa there have been five varietal plats planted 
and arrangements made for planting six more later this summer. Most 
plats contain six to nine varieties, the seed coming from many states 
and two or three countries. 

Nine soybean varietal plats have been sown to determine adaptability 
of different varieties and to demonstrate the value of soybeans as a hay 
crop. They are proving a popular emergency crop escecially on the 
lighter soils. 

To enable us to get more information regarding adaptability, growth, 
use, ete., of Hubam clover, we have distributed approximately 275 
pounds in fifteen-pound lots, each farmer also getting fifteen pounds 
of White Blossom Biennial Sweet Clover, so that they might report 
on the comparative growth of each variety. 

Arrangements have been made for each of five farmers to seed a four- 
acre plot, either marsh, new land, cut-over land or very light sandy 
land with a seeding mixture of June clover, Red Top, Sweet Clover, 
Alfalfa, Alsike Clover, Brome grass, Kentucky blue grass, White clover, 
Meadow Fescue and Orchard grass, which we furnished. 

We hope to find out what plants will grow and make pasture in some 
parts of the state, on what is at present waste land of little or no 
agricultural value. 

The above report is respectfully submitted, 

; J. F. COX, 
Professor of Farm Crops. 


REPORT OF THE SECTION OF FARM MECHANICS. 


To the Director: 


Sir:—Following is a report of the investigational and experimental 
work of the Farm Mechanics section for the year 1922-19283: 

The work of this section is reported under three major groups to-wit, 
Farm Buildings and Conveniences, Farm and Power Machinery, and 
Drainage and Land Clearing. 


FARM BUILDINGS AND CONVENIENCES. 


The Experiment Station work in farm buildings for the past year 
has been given over quite largely to a study of storage houses. Both 
potato and apple houses have been observed and the study has included 
houses of.a size suitable for the individual farmer as well as larger 
houses suitable for the use of co-operation associations. The work has 
been limited to locating and studying houses in various parts of the 
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State. Ventilation is the most important factor in successful storage 
with the exception of temperature control. 


Special emphasis has been 
laid on the methods which will prove satisfactory. 
The article, “The Ventilation of Potato Warehouses,” in the August 


Fig. 1—The New Piggery. 


quarterly 1922 is based on investigations of a number of houses owned 
and operated by co-operative associations. 


Many requests are being received for aid in planning ventilation for 
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Fig. 2.—Boiler house for new Piggery. 
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storage houses. As each case is a special one considerable time is re- 
quired to handle these inquiries. This seems warranted in view of the 
fact that we have the co-operation of the individual in observing the 
operation of the system and noting the results. 

Three houses in particular, two private and one owned by a co-opera- 
tive association have recently been built embodying principles brought 
out by our investigations. These houses will be under our observation to 
determine with what success they operate. 

A new root storage house is about to be completed on the College 
Farm. This house was designed so that various systems of ventilation 
may be operated and very carefully studied. 

A piggery designed by this department has been built for the college 
herd on a site south of the Red Cedar river. This plant consists of a 
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Fig. 3.—Cross section showing construction of each wing. 


two-story structure with a one-story wing to the East and one to the 
West with a separate building for the heating plant. The two-story 
portion is 380 ft. x 52 ft. and provides storage for grain and roughage, 
cooking vats, horse stalls, scales, and a room for an attendant. The 
east wing 26 ft. x 66 ft. 6 inches provides twelve pens for experimental 
purposes. The west wing 26 ft. x 48 ft. 6 inches contains twelve farrow- 
ing pens. The center building is of frame construction on a 4 ft. 6 in. 
solid concrete wall. The sidewalls of the wings are solid concrete, the 
roof being frame with asphalt shingles and ceiled under the rafters with 
6 in. flooring material. The troughs and floor are of concrete with cork 
brick in the nestings beds. The pen partitions are of iron pipe. Bach 
pen is provided with an outside run which is cemented. 

An over-head track equipped with a swill carrier and a litter carrier 
runs the entire length of the center alley, and out the south door, 
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The farrowing pens are provided with heat coils to protect early 
litters. Steam for heat and feed cooking is provided by a_ horizontal 
boiler taken from a discarded traction engine. The boiler, the well, and 
water system are located in a separate cement block building about 
forty feet from the main building. 

The correspondence pertaining to farm conveniences and farm build- 
ings is increasing greatly. Many of the inquiries to be satisfactorily 
answered require special plans and sketches; especially is this true of 
problems of remodeling, ventilation, and septic tank installations. 


DRAINAGE AND LAND CLEARING, 


In drainage little work of an investigational nature has been possible 
in the last year. The Extension Specialist who hoped to carry out some 
experiments in determining water levels in the soil has not had time 
to carry out this work. A few test wells for vertical drainage were 
made by the Land Clearing Specialist while in the southern part of the 
State last year. This work should be further tried to determine the 
percentage of cases in which success may be expected by this method 
for draining the large number of post holes prevalent in Michigan 
farms. Some experimental work should also be started in the Upper 
Peninsula as the value of drainage to that section of the state should 
be determined. 

The work of testing tile has been continued, although no special effort 
has been made to extend the application. 

Some study has been made by the Land Clearing Specialist by col- 
lecting information on the utilization of native timber and the use 
of easily made devices by the settler on the new farm. This summer 
work is also being done by methods of plowing new ground at the 
Chatham ‘Station. Horses and tractors and different types of plows 
are being tried. 

Last April we began work on the development of low cost equipment 
for handling marl. Marl is being handled in a commercial way to 
some extent by contractors who use high cost equipment and the limited 
use of marl where its value is not fully understood, has not permitted 
rapid development of this method of handling. It is felt that the smaller 
outfit might be of great value in introducing the use of marl and in the 
educational and demonstrational value which simple and ee 
equipment would have. 

Experiments have been made principally with the dragline and bucket: 
plans of handling. Special attention has been directed to developing a 
small bucket which will handle the material satisfactorily. It is felt 
also that practical results can be obtained before the close of the season, 

Other minor co-operative and experimental work is being carried out. 
Tests were conducted on a special lattice type tractor wheel which gave 
excellent results on loose and sandy soil. This would be of value for 
many Michigan farms. The use and test of the simple Lime Spreader 
have. been continued. 

Yours very truly, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics. 
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REPORT OF THE ‘SECTION OF .FORESTRY. 


To the Director: 


Sir:—I herewith submit a brief report of the work of the Section of 
Forestry for the year ending June 30, 1923: 

The study of second growth hardwoods on cut-over land in the north- 
ern part of the State was completed. The report shows the amount of 
timber which may be expected in second growth stands at various 
ages and indicates methods of improving such stands. It is based on a 
large amount of data collected at various places in the northern part 
of the State during the last few years and makes, I think, a valuable 
contribution to our knowledge of the second growth hardwood forests 
in Michigan. 

The study of the rate of growth and returns that may be expected 
from thinnings in woodlots in the southern part of the State was also 
completed during the year. It is based upon a large number of measure- 
ments and indicates better methods of management for such woodlots 
as well as showing what per cent of timber should be cut in order to 
improve the composition and increase the rate of growth. 

A study of nut tree plantations including the range of nut trees in 
Michigan, crop and market conditions and methods of improveing the 
varieties of nuts produced was carried on and completed by Professor 
J.C. DeCamp during the year. It is felt that the results of this work 
will be of much- value in answering inquiries from people interested 
in such plantations. 

The study of sap flow in the College sugar bush was continued and 
records kept of costs per gallon of syrup made. These results are pub- 
lished from time to time in the Experiment Station Quarterly. 

The experimental work on the basket willow plantation at Spring 
Lake, which has been carried on for six years, was discontinued. The 
plantation had shown a profit for the last three years and the results 
obtained indicate the costs and receipts that may be expected from such 
plantations. 

The periodic measurements which are being made on various forest 
plantations throughout Michigan were continued during the year. The 
work will show the actual rate of growth and the per cent of decrease 
in number of trees per acre at various ages. 

A series of experiments were carried on by Mr. Herbert in killing 
trees by the use of poisons so as to prevent their sending up shoots from 
the roots or stumps. These experiments have been partially successful 
but the work should be continued another season in order to get positive 
results. Mr. Herbert also did considerable work in the hybridization 
of certain forest trees and in a study of the effect of pruning on height 
and diameter growth. These latter studies must necessarily be con- 
tinued for some years before results are obtained. 

Respectfully submitted, 
A. K, CHITTENDEN, 
Forester. 
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REPORT OF THE SECTION OF HORTICULTURE. 


To the Director: 


Sir:—I beg to submit the following report on the investigational ac- 
tivities of the Department of Horticulture for the year ending June 
30, 1923: 

In a general way it may be stated that work has been prosecuted and 
definite progress made on each and every one of the projects on which 
the Department was engaged at the beginning of the year. No one 
project has been carried through to completion, though work on certain 
aspects of several projects is nearing completion and probably will be 
finished within the coming year. 

Special Bulletin 118 on Pruning Fruit Trees, by R. E. Marshall, has 
been issued during the year and brings together much general informa- 
tion on the subject as well as reporting on certain aspects of our prun- 
ing project. Judging by the demand for it, it is meeting a real need in 
the ‘State. 

Special Bulletin 121 on Grape Production in Michigan, by N. L. 
Partridge, is a popular treatise on grape growing and is meeting a wide- 
spread demand for information on that subject. It serves as a progress 
report on certain aspects of our grape investigations. 

Bulletin 262 on ‘Suggestions on Planting Orchards has been revised 
by R. E. Marshall and reprinted. 

Enlargement of the staff of the Department has made possible a much 
greater amount of work on certain of the Station’s projects, particularly 
those dealing with the use of fertilizers in the orchard and on small 
fruits, orchard spraying, testing different strains of vegetable varieties, 
and vegetable seed improvement. 

New Station projects approved and started during the year include 
the following: (1) Cherry orchard nutrition studies; (2) Studies in 
orchard economics; (8) Baldwin fruit spot investigations; (4) ‘Studies 
in the nutrition of cabbage. 

Work at both the Graham and South Haven experimental sub-stations 
has followed the established lines for those stations—cultural plot in- 
vestigations at the Graham station and variety trials and breeding work 
at the South Haven station. The cultural plots at the Graham Station 
are proving of great interest to many visitors and are beginning to yield 
results of real value. At the South Haven Station much work has been 
done with peach varieties and a manuscript prepared on “An Analysis 
of the Peach Variety Question in Michigan.” It is expected that this 
will be published at an early date. The work at the South Haven 
Station this season has branched out to include a comprehensive study 
of the relation of different methods of pruning to the yields and bearing 
habits of the black and red raspberries. Mention should also be made 
of the fact that there is being assembled at the South Haven Station 
au extensive collection of yellow-fleshed cling peaches promising for the 
canning trade and a collection of the improved and named varieties of 
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the huckleberry; at the Graham Station a similar collection is being as- 
sembled of the improved hardy nut varieties. 

At present, adequate facilities are lacking for a laboratory study of 
samples of fruit, fruit spurs, leaves, roots and other tissues from cul- 
tural, fertilizer and other experimental plots. However, it is expected 
that such facilities will be provided in the research laboratories of the 
new Horticultural Building. 

An effort has been made to meet the increasing demand on the part 
of growers’ organizations and other horticultural interests for lectures, 
demonstrations and various other types of service. This is a type of 
extension work, but it has seemed desirable for some of the resident 
instruction and experiment station staff to devote a small portion of their 
time to it. 

Much of the investigational work of the department is conducted 
away from East Lansing, an effort being made so to locate it as to reach 
the largest number of growers and work under conditions typical of the 
particular industry or problem. 

Respectfully submitted, 
V. R. GARDNER, 
Horticulturist. 


REPORT OF THE SECTION OF POULTRY HUSBANDRY, 


To the Director: 


Sir :—I herewith submit a brief report of the work of the Section of 
Poultry for the year ending June 30, 1923: 

Complete reports of the experimental poultry work are not available 
at this time owing to the fact that the poultry year is operative from 
November ist, to October 31st. 

The First Michigan International Egg Laying Contest, which is now 
in operation will be concluded the last day of October. Complete trap- 
nest records on one thousand hens in competition and an additional 
one hundred in reserve, are being recorded. The entries include thirteen 
popular commercial varieties of poultry entered by prominent breeders 
in fifteen different states. 

The following information of real economic importance is being ac- 
cumulated : 

(1) Complete records on feed consumption including grain, dry and 
wet mash, milk, grit, shell, and charcoal, are made on all pens. 

(2) The time and duration of the moult and its relation to yearly 
records. 

(3) Weight of eggs by breeds at different seasons of the year. 

(4) Graph showing curves representing production, by breeds, and 
the influence of weather on seasonal egg records. 

(5) Symptoms and autopsies by H. J. Stafseth of the Division of 
Bacteriology of all mortalities occurring during the contest year. Meth- 
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ods of controling epidemics of Chicken Pox and Cholera, have been tried 
with data and observations recorded. 

(6) All birds are scored according to the “Standard of Perfection,” 
which will furnish information on relationship of standard type to ess 
production. 

(7) <All birds are handled for comparison of the various methods 
of culling now in practice. 

(8) Broodiness in breeds and the relative time lost each year due 
to this factor, are recorded. 

(9) Date on operation of contest houses as a feasibility of such a 
house for pedigree pens in a commercial breeding plant. 

(10) Breed egg averages, weight, net returns over food costs, and 
market value of fowl at completion of first laying year. 

The Laying contests will in all probability extend over a period of 
years. This will make possible valuable information on comparative 
methods of management, thereby obtaining data on both breeding and 
environment, in relation to economic production. 

Respectfully submitted, 
E. C. FOREMAN, 
Poultryman. 


REPORT OF THE SECTION OF SOTLS 


To the Director: 


Sir:—Experiment Station activities of the soils section may be con- 
veniently grouped into: (a) field or soil surveying, moisture relation- 
ships, aeration, root. development of the crops under different soil con- 
ditions and various phases of fertilization; (b) laboratory or the chemi- 
cal and physical properties of various soil profiles of the State, and the 
effect of soil fertility upon the quality of several crops. 

It is gratifying to report that the soil survey has progressed very 
satisfactorily, J. O. Veatch deserving much credit for its success. De- 
tailed studies were made of the soils in Berrien, VanBuren, Kalamazoo, 
Ottawa and Manistee counties. Lime requirement maps and reports on 
seven counties were published and distributed. In addition the greater 
part of a report on the sandy soils of the lower peninsula was com- 
pleted. We have found that the agricultural value of the sandy soils of 
the northern part of the state is dependent in a great measure upon the 
presence of a brown and somewhat consolidated horizon which lies from 
a few to several inches below the surface. Where this is well developed 
and its thickness at or near the maximum we find the best soils and on 
these numerous crops and fruit trees adapted to the climate will grow 
successfully. It is at once apparent that this is one of the most import- 
ant contributions of soil survey proper. 

It is obvious that the moisture relationships of soils are of great 
and fundamental importance. The earlier moisture studies as a whole 
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could be criticised on the basis of the method of collecting the samples 
of soil. In general they have been taken arbitrarily or to a given depth. 
Since the inauguration of the soil profile method of classification and 
method of attacking soil problems, the work has been placed on a logical 
and scientific basis, and, as a result of this we have found tremendous 
differences to exist which otherwise would have been masked to a greater 
or less extent. Certain sandy soils of the northern part of the state are 
less drouthy than others because of the presence of the brown layer 
spoken of above. It may be cited for example that in case of the 
Mancelona type the gray sandy layer below the leaf mold holds about 
three and one-half or four per cent capillary water whereas the brown 
layer retains from eight to twelve per cent and the sandy layer. below 
about four. Our future plans call for extensive moisture studies of the 
main soil types of the state. 

Information on the aeration of soils is unsatisfactory and meagre. 
This question is being studied by Dr. Bouyoucos under Adams project 
2a. The indications are that the influence of barometric pressure is 
great and is felt to a depth of several feet it is probable that the curves 
obtained from barographs placed in the soil are similar to those located 
above the surface of the ground. This seems plausible since where 
the roots of various plants were covered with cement to a depth of 
about two feet they grew as vigorously as those nearby not so treated. 

Investigations of the soil conditions that affect the root development 
of crops have been‘ continued and expanded. It has been found that the 
nature and extent of root development of alfalfa is governed very largely 
by the nature of the soil profile. In case of some soil types they pene- 
trate readily and deeply while in cases of others such as the Fox sandy 
loam they find difficulty in penetrating and as a result are twisted 
to a greater extent than those grown in others. It has also been found 
that old plants removed from the soil and placed in sterile sand may 
produce several crops from the plant food reserve in the root systems. 
Efforts are being made to determine whether the material in the lower 
layers of soil are used by the crops and to what extent. This we take 
it is of fundamental importance. 

The soil fertility work has been broadened and extended since the 
employment of Mr. O. B. Price. The State has been divided into two 
parts, East and West respectively, Mr. Price having charge of the work 
in the former and Mr. Grantham of that in the latter. 

According to Price, “the soil fertility work in the southeastern section 
has been increased from eight to fifty-seven projects since the Fall of 
1922. These projects include a comparison of the rate, method and 
time of application of fertilizing materials and limestone on wheat, rye, 
corn, oats, beans, sugar beets, potatoes, alfalfa, sweet clover, Hubam 
and timothy and clover. 

In the Fall of 1922 twenty-seven lime projects were located in seven 
of the southeastern counties. The object being to determine the rate 
at which limestone screenings should be applied, applications were 
made at rates from one to six tons. Fifteen of these projects were sown 
to wheat and seeded this spring to alfalfa or clover. The projects are 
to run through a rotation of four to five years. This spring applica- 
tions of: pulverized limestone and hydrated lime were used with the 
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screenings, as a comparison of effectiveness of different kinds of liming 
materials. The effectiveness is shown in the accompanying table. Com- 
parison of standard Michigan fertilizers was made on these wheat 
projects. The applications of fertilizers are to continue through the 
next four years. 


RESULTS OF LIME TESTS 


Reaction of Rates 


; Liming Date Date 
Field material Applied Applied 
1 Ton 2 Tons 4 Tons 3 Tons | 6 Tons 
Anderson. ss). cute a France | Sept., 1922 fae ues 8. acid S. acid (Newtrals| cine alseeceeere 
Beardsley............ + 42 July 11, M. acid Bracidlilicetse cess Neutrai |........ 
1923 
Curtissig sivecniacrest: ft He TUNG Sy, | ee ae ead §. acid Notitraliil tose ee ose eae 
1923 
Gibson) A waa ee he Duly yon as] eae ros Ser a REE S. acid S.acid | S. acid 
1923 
Jensen) Pees ® oh UK aha) (iia nea eae S. acid Neutraltincse com nulleselanees 
1923 
Lippertrch erent tales oes 4 £8 July 5, 1923 M. acid Neutral Neutral td's. trit as .ilies aera 
Morfany sits Bee ck it July 10, S. acid Neutral Netiral’a|2exyas 2 eee ene 
1923 
Rowewiieeevestew oe ss ti June, 1923 S. acid Neutral} Neutral. eis. c< 1 De 
Stewarte. yoke ff Af St S. acid S. acid Neutrals) i pocitesca| boomers 
SN li irep riya aD af =e July 5, 1923 M. acid Neutral Neutral FoGasse Gl |a4one4'se 
TewiscWersiiegnes sh oe June, 18, S. acid Neutral | Alkaline |..........]........ 
1923 
Welehey oi eisete cose f # July 10, 8. acid Siacid Wr Nentrala tt tisoe cel aeeentnee 
1923 
Wilnow es G22) 2852 + i June 19, Strongly M. acid SMA CIGI| ai acsteci tetas terete 
1923 acid 
Wilson cue aon aes * iM June, 1923 S. acid 8. acid Neutralia| spas hall ooe ments 
Mancelona........... Petoskey | June, 1922 June 20, SIRE GLY RBA Rate INetibralist s/s. eterna | ee coro 
1923 
Mancelona........... Solvay 23 rf Neutral Neutrala| Mids -toekc Alkaline }........ 
Mancelona........... Hydrate a. . 500 Ibs. 1000 Ibs. | 3000 Ibs. |..........]........ 


S. acid Neutral | Alkaline |..........]........ 


§. acid=slightly acid; M.acid=medium acid. 


In the Thumb area and Saginaw Valley twenty-two sugar beet projects 
were established. The objects being to determine the rate and kind of 
fertilizers and methods of application, special emphasis is made on the 
amounts of phosphate and potash. The fertilizers were applied with 
the seed, over the seed, under the seed and on each side of the row and 
broadcasted and worked in before planting. 

During the year samples were taken of alfalfa on various fields under 
different fertilizer treatment and analysis run to determine the effect 
of fertilization on the protein and mineral content of the hay. A pre- 
liminary report was made in the May 1923 Quarterly. This work has 
been expanded to include the analysis of sweet clover and alfalfa on 
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seven fields in northern and southern Michigan on fifty-six different fer- 
tilizer treatments. 

In charge of G. M. Grantham, the investigations on commercial fer- 
tilizers in western Michigan include the use of various brands of ready 
mixed goods; high and low analysis, goods applied in equal pound 
rates per acre and equal money values per acre; single ingredients, 
special attention being given to nitrate of soda, sulphate of ammonia, 
acid phosphate, flowers of sulphur, calcium sulphate, and American and 
French potashes. Different rates of applications as well as different 
time and methods of application constitutes the greater bulk of this 
fertilizer work. 

The various forms of lime, including fine and coarse ground lime- 
stone, hydrated lime, sugar factory refuse lime and marl are being 
used. Invesigations are under way in order to determine how deep in 
the soil lime may be for plants to make use of the same and in addition 
is applied in the row with the seed. 

Each year sees an increase in the interest and use of green manure 
practices for soil improvement; accordingly different crops are being 
turned under for such purposes. In some cases the seed is removed be- 
fore turning back the residue, while in others the green crop is turned 
under. 

Some striking results have been obtained by liming and fertilizing 
on various soil types. In Kalamazoo county, on a Fox sandy loam, which 
has been farmed for a number of years, an application of 200 lbs. of acid 
phosphate and 100 lbs. of muriate of potash on alfalfa caused an in- 
crease of 1937 lbs. of hay over an unfertilized area. The same soil when 
unlimed will not produce alfalfa. 

On the Cass County farm on a Fox sandy loam, lime alone has in- 
creased the yield of sweet clover 4,451 lbs. green weight. Where lime, 
acid phosphate and potash was applied the yield amounted to 7,648 lbs. 
green weight, more than was produced on an untreated area. For legume 
crops, such as alfalfa and sweet clover, lime and potash seem at the 
present time to be quite essential. The residual effect of both materials 
over a rotation is quite marked. 

On light to medium light soils in both southern and northern parts 
of the State, nitrogen in combination with acid phosphate has made 
some very profitable returns. The use of nitrate of soda or sulphate of 
ammonia as a top dressing in the spring on fall seeded grains on light 
soils has been quite profitable. In thirty trials to the present time using 
nitrate of soda or sulphate of ammonia as a top dressing, has averaged 
5.1 bu. increase. Oats have responded profitably to the use of nitrogen 
and phosphate in spring applications. 

The most profitable material applied to corn on all soil to the present 
time is acid phosphate. It is not uncommon for an application of 
acid phosphate to increase the yield of corn 12 to 15 bu. per acre. 

The field investigations on muck soils in charge of Dr. P. M. Harmer 
have progressed and are on a sound basis. During the year studies 
were undertaken on projects. These investigations included the time, 
manner and combination of mineral fertilizers to apply for the produc- 
tion of the common field crops and different vegetables. Considerable 
energy has been spent on the factors that affect the yield and quality 


256 STATE BOARD OF AGRICULTURE 


of oil in peppermint and spearmint. In some instances the use of muck 
fertilizers resulted in a lower oil production whereas in others it re- 
sulted in striking and profitable increase. In some cases acid phosphate 
was all that was needed to cause satisfactory production but usually 
fertilization with potash was essential and in still others both acid 
phosphate and potash. were needed. Climate plays a tremendous role 
in the manufacture of oil by these plants. Experiments to determine 
the effect of rolling or comporting of muck soils on crop production and 
moisure and nitrate relationship were inaugurated. 

Dr. Bouyoucos studied the degree of change brought about in soils 
by igniting them at different degrees of temperature. As a measure 
of this change three distinct physical properties were used for com- 
parative study. These aré heat of wetting, unfree water, and plasticity. 
The temperatures used were 110°C, 170°, 230°, 485° and 850°. The 
results obtained show that no appreciable change in the above properties 
takes place until the temperature of about 230° is reached. This is about 
the initial temperature where a change commences to take place in all 
three properties. » This change increases in degree until about a tem- 
perature of 800°C is reached where it is completed and the properties 
of heat of wetting, plasticity and unfree water are almost or com- 
pletely destroyed and they disappear. 

He has found that different soils deplay marked degree of physical! 
reaction. Two soils, for instance, may be exactly alike in texture and 
structure and yet they may have greatly different reactivity towards 
water. Our investigations as to the cause of the difference in re- 
activity seem to show that it is due to the difference in activated sur- 
faces in the soils. In other words, the surface of one soil particle may 
be inert or inactive, while that of another is active. Hence the re- 
activity of the former will be greater than that of the latter. 

The study of the factors governing structure and plasticity in soils 
has yielded very interesting results and some new theories have been 
evolved to explain the property of plasticity. It would take too much 
space to present in this report the results and theories. 

Considerable chemical research work has been done during the year. 
Spurway has examined the horizons of several soil types in attempting 
to obtain basic information on the factors that cause soil variation as 
well as the variations in the media in which crops grow. It has been 
brought out that the solubility of acid phosphate varies greatly when 
applied to soils of different constitution both naturally and artificially. 
His perfection of the Soiltex method for determining the reaction of 
soils has been favorably received by county agents, numerous farmers 
and several investigators in other States. When properly made use of 
this method is very valuable and has and no doubt will in the future 
do much toward bettering soil conditions in the State. Weidemann 
has found tremendous differences in the ability of muck soils to fix 
phosphorous and potassium which is contrary to the popular conception 
that all soil organic matter is effective in holding various elements of 
plant food. His physical studies have furnished us with information 
of value in the classification of muck soils. It is evident that the classi- 
fication of such on the basis of original plant material is not ample in 
as much as horizons have developed in many through their weathering. 
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The chemical studies of alfalfa and sweet clover grown on several 
our experimental fields, differently treated, have shown that their com- 
position and consequently their feeding value may vary appreciably 
when grown on (different soil types, and that the use of lime and other 
materials may affect them also. The sugar and impurities in sugar 
beets grown on muck soils have been determined in a number of in- 
stances, as previously reported, these are governed to a very great ex- 
tent by the relationships. It is both possible and practicable to pro- 
duce large yields of beets of acceptable sugar content and purity on 
many of the muck soils of the State. 

Respectfully submitted, 
M. M. McCOOL, 
Professor of Soils. 
To the Director: 


Sir :—The following is a report of work done on the Upper Peninsula 
Experiment Station during the year ending June 30, 1923: 


LAND CLEARING. 


The land clearing work has progressed quite rapidly. The E% of 
NEY of Sec. 34 was cleared and 25 acres plowed. Twenty acres of this 
was cropped this year. Twenty acres adjoining this tract on the south 
is now ready to plow. Seventy and one-half acres of the E14% of NW'4 
of Sec. 34 is approximately one-half cleared. The plan was to have this 
completed but a large number of the land clearing crew left for the 
lumber camps, consequently the balance of the clearing was postponed. 
The clearing on the W1/% of the NW!4 was completed and put into crops. 
The stumps were blown out on the two acres in the 40 acre tract E of 
the Station buildings. Altogether there were 121 acres cleared, and 27 
acres of new land put into crops during the past year 

When the above described 7014 acres is completed, a field on the 40 
acres across from the Station buildings squared up, and a cedar stump 
area along the Bohemian creek in the SW'4 of Sec. 34 cleared, the land 
clearing program for this Station will have been completed. This will 
give approximately 400 acres of cleared land, of which about 375 acres 
can be cropped. It is estimated that this tract will provide sufficient 
area for experimental crops and plant disease work, and supply winter 
feed for the livestock that the uncleared areas will pasture. 


WOOD LOTS. 


There are 19.7 acres in the wood lot on the home farm, 11.4 acres on 
the 40 acres across the road, and small cedar areas along the Slapnick 
and Bohemian creeks. 


FENCES 


There are now 1084 miles of woven wire fences on, or enclosing, Sta- 
tion property. In order that this program be completed 114 miles of 
fence will have to be built in the near future. 
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. DRAINAGE, 


During the year, 160 rods of open ditch were constructed by use of 
dynamite at a cost of $.76 per rod. Considerable tile drainage is neces- 
sary on the S'% of SE™% of Sec. 28. 


BUILDINGS 


A powder magazine, 8’ x 8’ was erected in the wood lot north of the 
dairy barn. It is a double wall construction, a two inch plank being 
used with a six inch sand lining. The top is of the same material. This 
provides a much needed safe store-room for explosives. 

The office building, the sheep barn and silo were given a coat of paint. 

Drinking cups were installed in the dairy barn. 

All buildings were wired and a single unit Kohler lighting plant has 
furnished power. This has given the best of satisfaction. 


MACHINERY. 


A 12-20 Cletrac tractor, breaking plow, two bottom plow, double disc 
harrow, spring tooth harrow and some small tools were added to the 
Station equipment. 

LIVE STOCK. 


Dairy. The dairy herd now consists of 14 milking cows, 7 heifers, 3 
bull calves, and one herd sire. The milk and cream were sold in Mar- 
quette, Munising and Chatham. The surplus stock was sold to farmers 
in the Upper Peninsula. Semi-official testing has been conducted with 
six of the cows. The herd is on the tuberculin accredited list. 

The average milk production of the herd during the past year was 
14,484 pounds. The highest individual record was 21,372 pounds of 
milk and 649.8 pounds of butter fat. 

Sheep. The Station flocks of sheep now total 435 head, consisting of 
Hampshire, Rambouillet and Shropshire, with grade and cross-breds of 
the above breeds. Records are kept of the breeding, of the individual 
weights at birth, at shipping time in the fall and as yearlings; also of 
the weight of fleece, number of lambs, etc. The wether lambs, cull ewes 
and cull ewe lambs were marketed in Chicago, 


CROPS. 


Approximately 71 acres are devoted to experimental crops, plant 
disease work and seed increase. The balance of these are under cul- 
tivation, producing hay and grain for livestock feeding. Reports of the 
plant disease and crops experimental work follow. 
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POTATO DISEASE WORK 


BY J. D. KOTILA 


Herewith report of work carried on by the Botany Section of the 
Michigan Agricultural Experiment Station at the U. P. Experiment 
Station during the fiscal year ending June 30, 1925. 

As in preceding years, the work was confined primarily to investiga- 
tion of potato diseases. Approximately 7 acres of land were devoted to 
experimental work. 

Three acres of the south farm were devoted to an experiment to deter- 
mine the relative efficiency of Bordeaux mixture and copper lime dusts 
on Green Mountain potato vines. A four-row power sprayer was com- 
pared to a four-row power dusting machine. The season was favorable 
to leafhoppers, and hopperburn was abundant. This trouble and Early 
Blight disease, which became epidemic early in September, were factors 
which reduced the yield to the unsprayed plots very materially. The 
Bordeaux plots which were sprayed six times during the season remained 
green much longer than the plots which had received a like number of 
applications of copper-lime dust. The Bordeaux plots likewise out- 
yielded the dusted plots. 

Unfavorable results having been obtained during the 1921 season on 
the control of potato scab with applications of sulphur to the soil at the 
rate of 300 pounds per acre, the 1922 experiments represented trials of 
sulphur applied at higher rates,—400, 600, 800 and 1200 and 1600 
pounds per acre. Three acres of Rural New Yorker potatoes were de- 
voted to these experiments. There was no noticeable effect on stand or 
vine growth during the growing season. The data obtained at harvest 
indicated that scab was not controlled by applications of inoculated 
sulphur to the soil at the rates of 400, 600, or 800 pounds per acre. 
The data from the plots which received 1200 and 1600 pounds of in- 
oculated sulphur show a lower percentage of scab but this reduction was 
counterbalanced by a higher percentage of sulphur injured potato tubers. 

An area of approximately half an acre was planted as a show plot 
with potato seed stock affected with various diseases,—mosaic, leaf roll, 
streak, rhizoctonia, etc., in order that anyone interested might be able 
to study the symptoms of the more common potato diseases. 

Several isolated plots were planted with tubers of various varieties 
which had been indexed in the greenhouse during the 1921-22 winter. 
The vines remained healthy throughout the season and the progeny was 
saved for increase during the 1928 season. 

I thank you for the interest you have shown and the hearty co-opera- 
tion you have given to facilitate the work of the Botany Section dur- 
ing the past season. 
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CROPS WORK 
BY H. R. PETTIGROVE. 


The progress of the Crops Experimental work at the Upper Pen- 
insula Experiment Station for the year ending June 30, 1923 was as 
follows: 

Varietal testing of small grains was continued as before including 
oats, barley, spring wheat, winter wheat, and peas. Another series was 
added to the list to include flax and combination grains of flax, oats, bar- 
ley, and wheat. There was also a series of combination grains includ- 
ing oats and peas at different proportions of each. 

A rate of seeding tests was carried on with the English Field peas and 
the Cloverland Soup pea. 

Cultural work in potatoes was continued as in previous years. Hill 
unit selection of different strains were compared and yields obtained. 
Distance of spacing of the White Rural, Irish Cobbler, Early Ohio 
and Green Mountain were compared for yield. White Rurals were used 
in comparing the size of seed piece as affecting yield in different spac- 
ings, the number of potatoes and their size as well as the area occupied 
being a constant. 

Sunflowers were tested for distance of spacing and rates of seeding. 

A series of Red Clover strains were tested to determine the relative 
merits of seed coming from states in the United States and foreign 
countries. 

The annual hay crops were continued as previously with the addition 
of a rate of seeding of the oats and peas combinations and a seeding of 
millet and pea, also millet and vetch combinations. Late seeding of 
oats usually rusts badly with the resultant loss of most of the leaves 
and panicle, it being possible that the millet may substitute for the 
oats. 

A series of alfalfa cuttings was begun to determine yield and effect 
of time of cutting upon the stand and the plants over a period of years. 

The increases consisted of potatces, oats, barley and peas. The 
potato increase was small. The oats covered a sulphur plot of the year 
previous that samples might be obtained to determine the effect of sul- 
phur upon the oats. The plot was also seeded to clover. The pea in 
crease consisted of a few Alaska and the rest of the English Field peas. 

Co-operative work was continued on the Wetmore sands and the 
Seney muck soils. The former to develop a rotation or system of farm- 
ing to build up the sands and the latter to find stable crop for the muck 
lands. 

Very truly yours, 
D. L. McMILLAN, Supt. 
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REPORT OF THE DIVISION OF EXTENSION WORK 


To the President: 


Sir:—The work of the Division of Extension Work is administered 
through the leaders of the various projects which have been appointed 
by the Secretary of Agriculture in accordance with the terms of the 
Smith-Lever Act. The leaders of these projects are required to report 
annually to the Federal Department of Agriculture for each complete 
season’s work on December Ist. The fiscal year ending June 30th, is not an 
appropriate date for reporting upon work which is dependent upon the 
growing season for completion. For this reason the reports which follow 
are for the year ending November 30th, 1922, rather ‘than for the fiscal 
year. The following projects have been effective for the period named 
and the reports are appended hereto: 


1. Administration and Publications. 
2. County Agricultural Agents. 
3. Home Demonstration Agents. 

3. (a) Home Management. 

3. (b) Clothing and Textiles. 

3. (¢) Foods and Nutrition. 


4. Boys’ and Girls’ Clubs. 

5. Farm Crops. 

6. Dairy Husbandry. 

7. Animal Husbandry. 

8. Horticulture. 

9. Potato Culture. 

10. Soils. 

11. Farm Management Demonstration. 


12. Insect Control and Apiculture. 

3. Drainage and Household Engineering. 
16. Marketing. 

Li-Poultry. 

18. Land Clearing. 


Effective working relationships with all college departments have 
been continued throughout the year. Department “heads without excep- 
tion are recognizing and meeting their responsibilities in connection 
with developing a potent and dependable extension service through the 
specialists employed within their departments. 

A relationship of mutual helpfulness continues to grow between. 
the Extension Service and all farm organizations but the active and 
official co- operative relationship is with the local County Farm Bureaus 
as contemplated in Federal and State Laws. In theory this relation- 
ship is beneficial to the College in bringing its workers into personal 
contact with rural people and helping to adjust the service they give 
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to their needs and wishes and beneficial to the rural people in securing 
their interest and support in a program which they take in ‘part in formu- 
lating and assist in carrying out. In practice this theory has been proven 
to be sound and ten years of this kind of co-operation has given the State 
a powerful agricultural program in which the College is taking a very 
strong part. 

During the year many local County Farm Bureaus have conducted 
membership campaigns. The outcome of these has a direct effect upon 
the Extension Service because the resulting funds are used to assist in 
the employment of County Extension Agents. The total membership 
being secured is not as large as formerly and consequently less funds 
are available for the support of the county extension organization. It 
is encouraging, however, to know that the new membership includes 
much of ‘the intelligent, progressive element of rural people; those who 
are capable of leadership in agricultural work and thought. This is 
of greatest importance because of the need for active co-operation on the 
part of the farmers through their organizations in determining the pro- 
gram of work and in carrying it out effectively. 

The present period of economic imbalance between agriculture and 
other industries has increased the difficulties of maintaining all lines 
of work in some of the counties. The appropriations by ‘Boards of 
Supervisors have been continued, though diminished in some cases. 
This, together with the fact that the funds available from the county 
bureaus are less, may cause a decrease in the number of ‘home and club 
agents but no great decrease in agricultural agents is anticipated. 


Publieations: 


6,000 Extension Course Notes No. 29—4 pages—‘Food for the Baby, 
Ist year’—Home Economics. 

6,000 Extension Course Notes No. 30—2 pages—‘Food for the Baby, 
2nd year’—Home Economics. 

7,000 Extension Course Notes No. 31—2 pages—“Food for the Pre- 
School Child”—Home Economics. 

6,500 Extension Course Notes No. 32—2 pages—“Food for the School 
Child”—Home Economics. 

20,000 Extension Bulletin No. 28—4 pages—‘More Alfalfa for Michigan” 


—-H. ‘Cy Rather. 
20,000 Extension Bulletin No. 25—4 pages—‘Feeding Cull and Surplus 
. Weston. 
10,000 Extension Bulletin No. 26—12 pages—“Swine Feeding—V. A. 
Freeman. 


8,000 Extension Bulletin No. 27—8 pages—“Kitchen Sink’—O. E. Robey. 

10,000 Extension Bulletin No. 283—4 pages—‘Feeding for Egg Produe- 
tion”—E. C. Foreman. 

20,000 Extension Bulletin No. 29—8 pages—‘The Baby Chick”—E,. C. 
Foreman. 

5,000 Extension Bulletin No. 30—4 pages—‘The Production of Hardigan 
Alfalfa Seed—H. C. Rather. 

10,000 Club Bulletin No, 9—62 pages—Sewing”—Elda Robb and Bar- 
bara VanHeulen. 
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10,000 Club Bulletin No. 10—44 pages “Canning”—Barbara VanHeulen. 

4,000 Club Bulletin No. 2—16 pages—“Potatoes”—H. C. Moore. 

3,000 Club Bulletin No. 4—12 pages—“Organization of Calf Clubs”— 
Nevels Pearson. 


An extension office of publications is maintained in charge of an 
Extension Editor who edits all publications and supplies a news and 
information service to the weekly, daily and farm press. From -three 
to five articles per week are sent to 375 weekly papers having a combined 
circulation of over 500,000. The ninety daily papers are furnished with 
articles at least once each week and more often several during that time. 

Fourteen newspapers publish “Farm Pages” and these are furnished 
with from 1,000 to 2,500 words of copy once a week. The combined 
circulation of these “farm pages” is approximately 300,000. Special 
articles are sent to the farm papers on all special occasions. The As- 
sociated Press, United Press and International News Service are fur- 
nished with news on an average of twice per week. 


Appointments: 


Name. Title. County. Date. 
Joe Turner, County Agr. Agent, Delta, July 1, 1922. 
Ralph J. Carr, County Agr. Agent, Wayne, Sept. 16, 1922. 
L. R. Binding, County Agr. Agent, St. Joseph, Sept. 16, 1922. 
O. I. Gregg, County Agr. Agent, Allegan, Sept. 16, 1922. 
J. W. Sims, County Agr. Agent, Tuscola, Sept. 16, 192 22, 
C. E. Atwater, County Agr. “Agent, Grand Traverse, Sept. 16, 1922. 
Roy Weinberg, County Agr. Agent, Hillsdale, Dec. 1, 1922. 
Bishop Adams, County Agr. Agent, Calhoun, Mar. 1, 1923. 
Art Lonsdorf, County Agr. Agent, Dickinson, Feb. 16, 1925. 
C. M. McCrary, County Agr. Agent, Alpena, Feb. 1, 1923. 
I. J. Sours, County Agr. Agent, Presque Isle, Mar. 16, 1923. 
H. M. Vaughn, County Agr. Agent, Manistee, Mar. 16, 1923. 
Errol S. Bird, County Agr. Agent, Kalkaska, Mar. 16, 1925. 
Clare L. Burton, County Agr. Agent, Monroe, Apr. 16, 1923. 
Ralph L. Helm, County Agr. Agent, Tonia, May 1, 1928. 
L. J. Carter, County Agr. Agent, Arenac, May 1, 1923. 
Carl H. Knopf, County Agr. Agent, Muskegon, May 16, 1923. 
Karl Knaus, County Agr. Agent, Menominee, June 16, 1925. 
J. W. Wagner, County Club Agent, ‘Wayne, July 16, 1922. 
Harold Canfield, County Club Agent, Lapeer and Macomb, Sept. 1, 
1922. . 
A. M. Shaw, County Club Agent, VanBuren, Mar. 16, 1923. 
G. S. Hedrick, County Club Agent, Lenawee, Apr. 16, 1925. 
F. M. Karn, County Club Agent, Lapeer and Macomb, Apr. 16, 1923. 
Murial rdae Home Demonstration Agent, Allegan, July 16, 1922. 
Ruth Wheatley, Home Demonstration Agent, Gogebic, Sept. 16, 1922. 
Bernice Woodw ‘orth, Home Davieiseranon Agent, Wayne, Oct 16, 1922. 
Ik. G. Amos, Asst. Co. Agt. Leader, Upper Pen., Nov. 16, 1922. 
Ida Sichler, Asst. St. Leader, H. D. A., Nov. 1, 1922. 
Adele Koch, Asst. St. Leader, H. D. A., Nov. 1, 1922. 
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Verne Freeman, Livestock, July 1, 1922. 

A. J. McAdams, Land Clearing, July 1, 1922. 
Stanley J. Brownell, Dairy, July 1, 1922. 

George Amundson, Land Clearing, July 1, 1922. 
Ray D. Ure, Poultry, Sept. 1, 1922. 

Eunice Ryan, Clothing and Textiles, Oct. 1, 1922. 
Marian Rogers, Home Management, Oct. 1, 1922. 
J. G. Hays, Dairy, Nov. 1, 1922. 

R. Addy, Dairy,.Dec. 1, 1922. 

H. A. Cardinell, Horticulture, Jan. 1, 1923. 

J. G. Wells, Dairy, Jan. 1, 1923. 

Karl H. Miller, Dairy, Jan. 1, 1923. 

George Starr, Farm Crops, Feb. 1, 1925. 

_Larry D. Kurtz, Farm Crops, Apr. 1, 1923. 

George Starr, Horticulture, Apr. 9, 1923. 


Temporary County Club Agents: 


Agnes Martin, Eaton. 

A. M. Myrhman, Dickinson. 
K. P. Silberg, Gogebic. 

G. Shipps, Midland. 

D. V. Steere, Presque Isle. 
M. R. Kimball, Clinton. 
Alice Zeno, Alger. 

George Kimball, Jr., Oakland. 
M. R. Cameron, Luce. 
W.S. Wood, Jackson. 

L. H. Matthias, Hillsdale. 
Goldie Benham, Barry. 
Alfred Rood, Houghton. 


Resignations: 


Name. Title. County. Date. 
Alex MacVittie, County Agr. Agent, Tuscola, July 31, 1922. 
Alfred Bentall, County Agr. Agent, Allegan, Aug. 31, 1922. 
A. J, Hutchins, County Agr. Agent, St. Joseph, Aug. 31, 1922. 
C. E. Atwater, County Agr. Agent, Gladwin, Sept. 16, 1922. 
O. I. Gregg, County Agr. Agent, Wayne, Sept. 16, 1922. 
J. W. Sims, County Agr. Agent, Hillsdale, Sept. 16, 1922. 
Paul H. Smith, County Agr. Agent, Missaukee, Dec. 31, 1922. 
R. M. Roland, County Agr. Agent, Calhoun, Dec. 31, 1922. 
V. C. Vaughn, County Agr. Agent, Leelanau, Dec. 31, 1922. 
Irving Kirshman, County Agr. Agent, Menominee, Noy. 30, 1922. 
©. M. McCrary, County Agr. Agent, Presque Isle, Jan. 51, 1925. 
Harry L. Carr, County Agr. Agent, Ionia, April 50, 1925. 
C. W. Wing, County Agr. Agent, Osceola and Lake, April 20, 1923. 
Carl H. Knopf, County Agr. Agent, Manistee, Mar. 15, 1925. 
Dwight C. Long, County Agr. Agent, Muskegon, Mar, 15, 1925. 
B. Eldon Shaffer, County Agr. Agent, Montcalm, June 50, 1925. 
A. G. Bovay, County Agr. Agent, Saginaw, June 30, 1925. 
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C. L. Nash, County Agr. Agent, Branch, June 30, 1923. 
Karl H. Miller, County Agr. Agent, Dickinson, Dec. 51, 1922. 
C. O. T. Scheetz, County Agr. Agent, Alpena, Oct. 31, 1922. 
Jennie Williams, Home Demonstration Agent, Gogebic, Aug. 31, 1922. 
Murial Dundas, Home Demonstration Agent, Gladwin, July 15, 1922. 
Marian Rogers, Home Demonstration Agent, Wayne, Sept. 50, 1922. 
L. W. Ross, County Club Agent, Wayne, Sept. 1, 1922. 
L. E. Mericle, County Club Agent, Genesee, Mar. 15, 1923. 
Harold Canfield, County Club Agent, Lapeer and Macomb, Apr. 15, 
1928. 

Marjorie Place, County Club Agent, Lenawee, Apr. 15, 1923. 
Helen Arms, Clothing, Sept. 16, 1922. 
Edna V. Smith, Asst. H. D. A. Leader, June 30, 1923. 
Barbara Van Heulen, Asst. St. Club Leader, June 30, 1923. 
Karl H. Miller, Dairy Specialist, June 30, 1923. 
C. M. Ferguson, Po ultry Specialist, June 30, 1923. 

Yours very truly, 

R. J. BALDWIN, 
Extension Director. 


REPORT OF COUNTY AGRICULTURAL AGENT PROJECT. 


R. G. CARR AND C. VY. BALLARD. 


1. Organization of Extension Work in the Counties: 


1922 has seen no radical changes in the plan of organization used in 
carrying on Agricultural Extension Work within the counties of Michi- 
gan. However, the extreme economic condition as felt by farmers of. 
the state makes it difficult in many instances for farmers to support 
extension work through Farm Bureau memberships. As a result there 
appears to be a growing tendency toward public appropriations. The 
State office has encouraged this tendency on the grounds that the work 
is for public benefit and, therefore, should be supported largely from 
public appropriation. 

Each County Agent is required to submit a County program of work. 
The form of this program, as suggested by the State office, was simple 
and direct, the plan being to get a general idea of the most pronounced 
Agricultural problems as seen from the various counties, to get local 
ideas as to their solution, to find out what progress the County Agents 
hoped to make towards the solution of these problems and to get an 
estimate of the percentage of the Agents’ time or attention which each 
project would receive. These programs of work were formulated by the 
County Agent in council with his Farm Bureau Executive Committee 
and with representatives of other co-operating bodies in some instances. 
Where possible, supervisors from the State office sat in and advised 
concerning these programs of work, while they were in the making. 
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Upon receiving the full list of programs from the various county 
agents the State supervisors were able to check up and advise in both 
subject matter and balance of these programs. Several changes were 
made as a result of suggestions from the State office. Aside from the 
assistance which could be directly rendered agents through this service, 
the State office was able to so arrange specialists’ schedules as to make 
it possible for the agents to carry out their programs and at the same 
time make more efficient use of the specialists’ time. 

If the number of communities, in which County Agents in Michigan 
have consulted some of the leading farmers concerning the agricultural 
problems and a plan formulated to carry on some particular line of 
work, leading to the solution of these problems, could be considered 
communities in which programs have been developed, it could be safely 
said that every county in Michigan has made progress in the develop- 
ment of community programs and at least 600 communities have pro- 
grams adopted according to this plan. 

We have maintained that the working out of a community program 
should be a development process, rather than a spontaneous one. We 
believe it to be a mistake to try to work along too many lines in a county. 
Also, that a recognized job should precede the organization necessary 
to carry it out and that no more organization should be formed than 
necessary to do the work at hand. We believe each job undertaken 
should be of such a nature that progress on it could be measured and 
understood by the average farmer of a community. 

An example of the development of a community program may be 
seen in reviewing the extension work which has been done in the com- 
munity surrounding the village of Parma, in Jackson county. Ten years 
ago last Fall the first bushel of Rosen Rye to be sent out from the College 
Experiment Station went to a farm in that community; due to the per- 
sistent efforts of the extension department in promoting the Crop Im- 
provement Association, the entire community is now growing Rye of 
that variety. In fact, a survey of the situation taken through the 
local elevators show that over 95 per cent of the rye grown in this county 
in 1922 was Rosen. The benefits derived from this variety of rye paved 
the way for other pedigreed grains, such as Wolverine Oats, Red Rock 
Wheat and Robust Beans. The introduction of pedigreed grain in this 
particular community proved of great advantage to the county agent, 
when that branch of extension work was introduced in this county. A 
Co-operative Livestock Shipping Association was organized and shortly 
afterwards a co-operative elevator was also organized. This was fol- 
lowed by the organizing of a Community Club, which included both Rural 
and Urban people and dealt with problems which were of mutual inter- | 
est. While the Extension Department had no direct connection with 
the forming of this organization, the fact that the farmers had been 
previously brought together into the other organization mentioned, 
doubtless, paved the way to the Community Club and it was this last 
named organization which was induced to become actively interested in 
the promotion of the county-wide Tuberculin Test on cattle. It is in- 
teresting to note that it was in this community that the area plan was 
started in controlling Bovine Tuberculosis in the county. After the 
county-wide Tuberculin Test had been put across a Cow Testing Asso- 
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ciation was organized, then the community became interested in pro- 
moting Guernsey cattle and a breeders Association was organized to 
promote the breed. 

We believe that the fact that one thing at a time was undertaken 
and shortly after completed, has had a wholesome effect on the agri- 
cultural progress in that community. 

The county program, as adopted by most of the County Agents in 
Michigan, only includes those projects which deal with commonly recog- 
nized agricultural problems of the county. In many instances a cam- 
paign method was employed in carrying out these programs. The plan 
and results of this method of doing extension work is reported by 
specialists in charge of extension work in this state. County Agents 
are quite generally of the opinion that this method of doing extension 
work has been highly satisfactory. The results attained will bear out 
their contention. It has been found that through this system of doing 
extension work, for example, the dairy and alfalfa work has received a 
great deal of impetus, which has not been supplied entirely by either the 
county agent or specialist in charge of the work. The fact that hun- 
dreds of farmers are caused to discuss one common subject at one 
particular season, brings results that a less concerted effort could not 
hope to accomplish. A typical county program is given below: 


COUNTY PROGRAM OF WORK 


Percent of time 

to be spent on 

each in 1922, 
est. 


Big problems in county listed : Pie. ; 
in order of relative import- Solution 1922 activities towards solution 
ance this year. 


1—Live-stock improvement. .| Pure-breds and grades..| Expect to organize: 
12 Pig Clubs 


Cow-testing 2 Sheep Clubs 50% 
1 Holstein Club 
T. B. eradication 1 Shorthorn Club 
Dairy Campaign followed up by Cow Testing 
PRR cob eh tek ELA CER Bull Association Assn., T. B. Campaign and Bull Assn. 
3—Crops Improvement..... Alfalfa Culture Alfalfa Campaign 
Certified Seed Expect to organize: 30% 
5 Corn Clubs 
2 Bean Clubs 


2 Potato Clubs 
Variety demonstrations in field—Oats, Corn, Barley 
Beans, Alfalfa, Potatoes, Sweet Clover 


4—Home Improvement..... Better Foods Expect to Organize: 

Better Clothing 8 Canning Clubs 20% 
5 Garment Clubs 
8 Handicraft Clubs 


STATE BOARD OF AGRICULTURE 


bo 
a 
A 


REPORT OF HOME ECONOMIC EXTENSION WORK. 


BY DEAN LOUISE H. CAMPBELL. 


Organization of Extension Work in Counties. 


Very little change has been made this year in the type of organization 
in counties having home demonstration agents. Each agent is work- 
ing constantly to strengthen her organization to make it more permanent 
and more useful. 

The general plan is this—to have one or more chairmen in each town- 
ship chosen by the women of the township. These women are to act as 
local leaders in the township as well as to represent the women at the 
county annual meetings. At the county meeting a county committee is 
chosen consisting of from three to five members. The chairman of this 
committee usually represents the women on the county Farm Bureau 
Board. 

Local leaders are taking more and more responsibility in all counties 
with home demonstration agents, both in putting across programs and 
in arousing interest in the work. In most all counties money was 
unanimously appropriated this fall. In one county it was turned down 
by the Board of Supervisors; however, because of the strong appeal 
made by the women it was reconsidered and money appropriated,  A1- 
though the majority of the women. are interested in having the work 
continued, this action would not have been possible had it not been for 
the local leaders. 

Much stronger and better community programs for extension work 
are constantly being developed with the assistance of the local leaders. 
They are working out programs on a year’s basis in many cases and 
at least part of a year in most communities. 

Approximately every county which is carrying on home demonstration 
agent work has from five to twenty-four communities in which an ex- 
tension program is being carried on. In Kalamazoo county each town- 
ship is represented by one or more organized groups. This is practically 
true of Allegan, also of Marquette. In the rest of the counties it is not 
quite as general although there are several communities in different 
sections which have adopted their definite programs, usually according 
to immediate needs. 

There are seven counties with some communities having definite 
program, and approximately 135 communities with definite program. 

Undoubtedly the best example we have of a good county program 
development is in Allegan county. At the annual meeting of the Women 
representing the home demonstration work, quite definite projects were 
chosen for the county, on the basis of what seemed to be the greatest 
need for the year, according to the judgment of the representatives of 
the different townships present. In most cases this had been discovered 
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at the township meeting. Following this meeting each township then 
decided definitely upon one or more projects. 

Each local leader took some responsibility in planning this work, 
as well as in collecting reports and tabulating results. Where the work be- 
came more than she could handle, project leaders were chosen to assist 
with the different projects. Very definite results were shown as to 
what can be accomplished in both the dress form and millinery work 
done in this county. Six meetings were held for training local leaders. 
Each leader returned to her home community and presented the work. 
As a result of this, 341 dress forms have been made and are continuing 
to be made, but the agent has been relieved of all responsibility. 

In millinery five training meetings were held, and as a result 280 hats 
were reported as made and 9 remade with an estimated saving of $951.78 

Each county has at least one county wide meeting during the year 
at which time results of work accomplished are presented by local lead- 
er or some individual who has been carrying on the work. Occasionally 
this is made into an Achievement Day and work is displayed which has 
been done by the women themselves, as remodeling hats, dresses, fireless 
cookers, etc. In some of the counties in the upper ‘peninsula without home 
demonstration agents, Housewives’ Conferences were held which were 
most successful. 

Because so very little planned work was being done in the counties 
without home demonstration agents excepting a talk now or then, a 
new plan has been worked out and has been put into effect since Septem- 
ber. It is as follows: 

A letter was sent to each county agricultural agent stating the type 
of work to be presented from the home demonstration department. If 
he were interested in including the home as a part of his program, he 
with a committee of women, selected the subject they preferred. Then 
the Specialist presenting this particular subject meets with two dif- 
ferent communities in the county once a month for a series of five months, 
thus giving the women of these communities some really intensive work 
on one subject. If there has been sufficient publicity and enough inter- 
est aroused in other communities, at the end of the series a meeting for 
training local leaders will be started, making it possible to spread the 
work to all parts of the county. Our ambition is, of course, to eventually 
interest them in home demonstration work. At the present time about 
30 counties have asked for the work and several counties are talking 
of the possibility of a home demonstration agent just as soon as there 
is some improvement in the financial situation. 


SUPERVISORY PROGRAM. 


Strengthening the organization in the home demonstration agent coun- 
ties and helping the women to see the necessity for training local lead- 
ers to assist in carrying one some of the projects has been the primary 
job of the State Leader throughout the eee This has been accom- 
plished principally at county-wide meetings. Each county has an an- 
nual meeting, some semi- -annual, and faenione 

Direct supervision of the home demonstration agent is always neces- 
sary to a certain extent. This has been done by office visits at which 
time conditions, policies and methods have been discussed. 
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The Assistant State Leader located in the upper peninsula has had 
most of the supervision of the home demonstration agent as well as carry- 
ing on definite projects in at least four other counties. 

All county offices, although far from ideal are becoming more and 
more satisfactory, with more records and more reports which makes 
it much easier for a new agent taking up the work in the county. As 
a rule there is never more than one stenographer in the extension office 
which many times hampers the work in that it makes it necessary for 
the home demonstration agents to give up time to things which could 
well be taken care of by the secretary. In many cases this lack of suf- 
ficient help is being overcome by the addition of improved systems and 
improved equipment. This improved equipment applies as yet more to 
the office than it does to any demonstration equipment to be used by the 
agents in the field. 

The many changes which have been made in the personnel of fhe 
county extension forces have been responsible to quite an extent for 
the improved condition especially as far as records are concerned. In 
the case of new home demonstration agents they are always brought 
into the state office for a few days, varying from three days to two 
weeks, at which time the necessity of records and reports is emphasized 
from the state standpoint as well as county. 

At the state conferences which are held once a year and often times 
twice a year, reports and records are discussed. Methods and organiza- 
tion are always considered, and usually some subject matter is given by 
some of the Specialists. 

A most splendid policy is being worked out this year in regard to the 
relationship between the resident teachers and the field workers. They 
are all called together for departmental faculty meetings. The Exten 
sion people hear the discussion in regard to policies and subject matter 
and the teaching force hears the field problems discussed. Each helps 
the other in many ways. 

Undoubtedly one of our greatest faults in past years has been the lack 
of proper analysis of conditions and needs in our counties by the home 
demonstration agents guided by the State Leader and her Assistant, and 
then a follow-up showing the results accomplished. This condition has 
been recognized, however, and a much greater effort will be made during 
the coming year to overcome this failing by getting each agent to make 
a survey of her county and then to make an analysis of the county as to 
its needs. This will make it possible to work out a long time program 
and to follow up each step with records to show the progress being 
made. 

PUBLICITY. 


No real definite plan of publicity has been carried on from the state 
office. During the early part of the year a series consisting of two articles 
was written by each Specialist for the Lansing State Journal. The 
same articles were used in other papers throughout the state. Occasional 
articles have been written for the Michigan Farmer, a paper which 
goes into nearly every farm home in the state. These articles have con- 
sisted of accounts of results accomplished as well as subject matter 
popularized. 

Each home demonstration agent has taken care of her own publicity. 
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It consists of monthly articles written for the County Farm Bureau 
News also notices for all county papers of work to be given in county 
und results of work accomplished, 


PROJECT ACTIVITIES AND RESULTS, 
Foods and Nutrition 


The nutrition problem is the ever present and undoubtedly the most 
important problem to be considered in the home, Beeause of the great 
number of underweight children found in our schools today the follow 
ing plan has been worked out with the idea in mind that it would reach 
the greatest number in the least time, 

A series of stories were written for the school child, one story for 
each month, They consist of a good growth story, a milk story, a 
vegetable story, a fruit story, ete., stressing the important foods for a 
growing child, The stories were presented by the teachers as a loeal 
leader, Whenever possible the mothers were invited in to hear the 
story and asked to co-operate in carrying out the feeding plan, 

As a result of this work during the past year very good results have 
been obtained, statistics of this work being given in report of the Nutri 
tion Specialist. 

In one school in a northern county it was reported that the story day 
was the village event, long looked forward to, all mothers going when 
ever possible, 

The teachers have always reported wonderful improvements ino the 
eflicieney of the pupils as a result of this work, This has seemed a mueh 
worth while work. It brings to the child the value of certain foods for 
growth. The mother is often times invited in when the story is given, 
so her co-operation is secured and in our state has done more than any 
thing else to bring the value of the whole extension work before the 
people. 

Mood selection for the preschool and the sehool child has been em 
phasized throughout the year and is the most important part of the dis 
cussion for the nutrition work in the series of meetings being held, 
People all over are thinking and talking in terms of proper nutrition 
therefore authentic information is essential, Four small leaflets were 
gotten out during the summer by the Specialist hoping to meet some of 
the demands for such material, Most of her nutrition work is based on 
them. 


Preservation 

This is always being talked, but very few demonstrations are being 
held with the exceptions of meat canning. This is a growing project, 
In a few instances neighbors have gone together and have eanned a whole 
heef at one time, the men cutting up the meat while the women canned, 
They feel that a substantial amount of money is saved by the canning of 
their home grown meat besides the convenience and the exeelleney of 
the product. In one community an estimate was put on the value of 
their produet and it amounted to about $70, Reports turned in by local 
leaders from one county showed 124 quarts of poultry canned, 354 
quarts of veal and 215 quarts of pork, 


979 STATE BOARD OF AGRICULTURE 


Clothing and Millinery 

Two main sub-projects of. this work were Geicriad on during the year, 
dress forms and millinery. 

Although the dress form work is old it has continued to be one of the 
most popular subjects throughout the state. Practically every woman 
wants a dress form and it has seemed one way of helping them to meet 
the economic situation. This is not far fetched. They have been able 
to do so much more of their own sewing and in a more satisfactory way 
than was ever possible before. They can be better dressed on much less 
money. This project has been promoted almost entirely through the 
training of local leaders. Usually four women from three communities 
have been brought together for each training meeting. During the past 
year about 1,500 forms have been made in the counties with home demon- 
stration agents and about as many in other counties. From now on it 
will undoubtedly take care of itself excepting in counties where they 
have had none of the work. 

The millinery project has been one which has proven of value especial- 
ly in meeting new groups. Everyone recognizes the value of the work 
from a financial standpoint. This has been worked out in practically 
all cases by means of meetings for training of local leaders. It was car- 
ried on during the spring and early summer in eleven counties with 64 
communities represented. The training meeting was followed by one 
day “clinics” conducted by the local leaders in their own communities. 
As far as possible the home demonstration agents assist with these 
meetings. The work consisted of making new hats and renovating and 
remodeling old hats. About two-thirds of them were made-over hats. 

On account of the illness of the Clothing Specialist no organized work 
was carried on from June first to October first. At this time a new 
Specialist was appointed and clothing work from the standpoint of con- 
struction and selection was started. This is being carried on now in 
eight different counties and fifteen communities—five without home 
demonstration agents. In two of the counties with home demonstra 
tion agents, the agents are taking this into twelve other communities 
in their respective counties. The plan is to follow this up with round- 
ups or achievement days at which time the work accomplished will be 
shown. This work seems fundamental and it is impossible to meet the 
demand there is for it. 

A few individual demonstrations in interior decoration were carried 
on this year. Most of them were in houses where there was need for 
this but little money to do with. This has consisted of work in elimina- 
tion, better grouping of furniture, refinishing of old furniture, ete. It 
is hoped that this project can be dev eloped more extensively another 
year. 


Household Management 


The arrangement of furniture in the kitchens and the studying and 
planning of expenditures have been the two sub-projects carried through 
the year. The first has been with the idea of conserving time and energy 
for the busy housewife without any financial outlay. 

The second has emphasized the need for better planning for the ex- 
penditures and more of a realization of the value of the food which 
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comes from the farm. Some very interesting material was worked out 
last year based on the accounts which were kept by some of the farm 
women. This has proven to be very valuable material during the past 
year as it brought out the difference in the cost of living on the farm as 
compared with the cost of living in the city. 


Outlook 


The general outlook for the coming year is good. Some counties have 
lost their home demonstration agents within the last two years but 
each county is talking of the time when the present economic condi- 
tion has changed so they may be able to have another agent. Several 
other counties which have never employed a home demonstration agent 
are looking forward to the time when they may have one. We have 
felt in the long run it would be much better for us to recognize the 
financial situation in the counties we have but not to push for new 
ones this year. However, we hope to ake our work just as widespread 
over the state as we can. ‘We are trying to make all of our work as 
practical as possible, to make it fit the need of the people and ‘to keep 
it absolutely fundamental. 


Home Management Project, by Edna Smith. 


The successful operation of the farm is reflected in the quality and 
character of the farm home; and in turn the condition of the home 
fis a determining factor in the prosperity of the farm. Any program 
for advancement of agriculture must, therefore, give proper weight 
to farm home improvement. It was an appreciation of this fact which 
resulted in the establishment of the “Household Management” project 
and the employment of Marion Rogers, October Ist, 1922, as a Specialist 
in this phase of home service. 

The immediate goal in view is the conservation of the time and 
energy of the housewife by means of better planning arrangement and 
improved equipment in order that time and energy might be saved for 
recreation and for thought regarding clothing, nutrition, home beau- 
tification, community interests and personal desires. The ultimate 
result hoped is for a movement towards better farm homes in which a 
richer and more satisfying family life will be possible, giving permanence 
and stability to rural life as a whole. 

The details of the home service now being offered under this project 
can be indicated by the following enumeration of subjects being dis- 
cussed with groups of rural women: 


Kitchen arrangement. 

Kitchen and laundry equipment. 
Running water in the home. 
Light other than kerosene lamps. 
Plans for home work. 

Floor coverings. 

Budgets (plan of expenditures. ) 


POUR Ne 


The county extension agents have organized groups of rural women 
interested in these problems and these groups are met by the Home 
Management Specialist once each month. At these meetings full con- 
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sideration is given to some topic. These meetings are continued until 
the series of topics are furnished. The women attending the series act 
as local leaders in their neighborhoods to further disseminate the in- 
formation. 


Clothing Project by Helen Arms. 


Millinery was the leading phase of the clothing project from December 
1, 1921 to July 1, 1922, judging from the interest in the work. The re- 
quests for meetings came in in abundance before the plans for meetings 
were fully decided upon, so the plan developed and changed with each 
meeting. It seemed best finally to organize training groups as was 
done with the dress form work. The nature of the subject prevented 
definite and satisfactory results as were obtained from the dress form 
meetings, but enough data was obtained to make possible a more 
effective plan of work for next year. 


No. of 
County Attendance | communities} Hats Hours Cost Value | Saving 
represented 

Allegan vce cncteniisonaen Be GC ROL ORCON TCH [etc NI Lin  Pestirare GOT iet| irene cant IRS acids Cena tell Rach ieebep a eich Meedrteesiae AAS 
BAriyi2: 3). teeletod tise lopeoitls RET Ie EL ieee arent MCOUNtVAWIGE| ee ced. anette 7 2314 $0.22 | $11.25 $11 03 
Deltavs A accemeee 46 Peta ren tele 22 3 days 32.29 | 129 66 97 37 
PAO At iashbrrctee a Rete 15 26 14614 35.58 | 142.98 107 40 
Gladwin. .27:. oe eens 8 26 10114 21.51 93.50 71.99 
Gogebicses st tislven maaen eto eee toeeers é 8 37 21414 52.79 | 225.80 173.01 
Marquette 3 7 27 4.80 | 31.50 26.70 
Montcalm 5 1 9 1914 2.13 14.25 12.12 
Sclicolerafteiiicds. sanee ene ears Linleat tana , Guliscaky Seed pei teak} 38.00 26.82 
Wistyne se) rabies, canes Serre haat ae oo ene 42 13 24 4 days 30.06 | 105 25 75.19 
Ottawaxetc ite erer tee Pao 41 13 37 4 days 52.25 | 161.49 52.25 


The dress form meetings continue to be popular. A total of 164 leaders 
were trained at nine different meetings. At each meeting one or two 
women were chosen to be responsible for reporting the spread of influence 
to this office. 474 reports have come into the office since December 
first. These partly are the result of meetings given previously to that 
date. 

Using the figures secured through questionnaires last fall which placed 
the value of the dress form at $12.50 each, this means a property value 
of $1,185.00. These reports are from counties without home demonstra- 
tion agents and clearly indicate a growth of interest in the work since 
the reports have come in without solicitation from the office. 

Miscellaneous. Two ‘talks were given to high school girls and parents. 
Three talks were given on extension work at Farm Bureau and Grange 
meetings. The Specialist worked with the Household Arts Department 
to prepare*demonstration material and exhibits on children’s clothing 
for Farmers’ Week, and the Specialist gave the demonstration lecture 
on that subject. Two weeks were spent at a wholesale millinery house 
to learn practical millinery methods. The management was extremely 
helpful and interested in the work. 

Two demonstration lectures were given on “Color”. Exhibit mate- 
rial on children’s clothing was prepared and sent to the institute held 
at Menominee. The week was spent in conference with Miss Frysinger 
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of ‘the Washington office. Three household Decoration Demonstrations 
were being carried on in Allegan county, 

On October 1, 1922, Eunice Ryan assumed the position of State Spec- 
ialist on Clothing in Michigan. 

The Clothing Project is to be carried on in the following manner: 
The Specialist will spend two days a month for a period of five months 
with two groups in each county. These counties have been organized 
so that the Specialist will meet with the same group of women for five 
consecutive meetings and carry on a definite plan of work. These Six- - 
teen community groups representing eight counties have been organized 
by the home demonstration agent or the county agricultural agent. 

,The aim of the project is to enable the women ‘to do their home sewing 
by easier and more time-saving methods, and to assist them in proper 
selection and finishes. In order to do this the plan includes work on: 
Finishes, Sewing Machine and its Attachments, Patterns (selection, al- 
teration and adaptations), Cutting and Fitting. 

As 'the project is just in its infancy it is impossible to give a definite 
report. However, if results obtained can be measured by the enthusiasm 
shown at the first meetings, the results ought 'to be satisfactory. Cards 
on the various phases of the project will be given to the women to keep 
a record of ‘the work. 


Home Economics Extension, Upper Peninsula by Ida Sichler. 


The present Assistant State Leader came into Michigan on September 
15th and spent two weeks at the College in East Lansing becoming 
acquainted with the extension staff, the program of work, and lower 
Michigan. The Leader visited Kalamazoo, attended a meeting in that 
community with the home demonstration agent of that county, judged 
at the Grand Rapids Fair and at the Reo Fair in Lansing, and also 
gave a talk at the Woman’s Congress at ‘the Ypsilanti Fair. The Assist- 
ant State Leader took up her duties at the Marquette office on October 
first. The first two weeks were spent largely in the office going over files 
and organizing work. 


ORGANIZATION 


An attempt is being made to carry on the organized project work in 
the Upper Peninsula, that is, to have five or six consecutive lessons 
upon the same subject given in a period of three to six months, depend- 
ing upon the choice of the community in which it is being given. By car- 
rying on the work in this manner it is thought that the people will 
be able to see a more direct benefit gained from the work, and the agent 
can see better results also. 

Due to the largeness of the territory in the Upper Peninsula and hay- 
ing only two home demonstration agents at present, it seems necessary 
that the work of the Assistant State Leader be limited to three or four 
counties for a period of six months, thus giving intensive work for this 
period and getting into the remote districts of the county. We cannot 
expect ‘to establish home demonstration agent work in the county until 
we are able to put on a detailed program which will reach the majority 
of the people in the rural districts as well as in villages and locations. 
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At present, there appears to be four or five counties that are deeply 
interested in having a home demonstration agent and the work will be 
centered around those counties largely for the next few months. 


CONFERENCES 


The third week of October, the Assistant State Leader spent a couple 
of days in Gogebic county visiting Miss Wheatly, the home demonstration 
agent. The project outlines were discussed and the various situations 
that she is finding in her county. Several visits were made to commu- 
nities where meetings had been scheduled for this time. 

The second week of November the county agents of the upper peninsula 
met at the Marquette office for a two snl conference, at which time the 
Assistant Leader was privileged to say a few words to the county men. 
A brief discussion of the project oe aims and methods of co-opera- 
tion was presented. 


CLOTHING 


Several communities have had their first’ or second meeting in the 
clothing project which consists of a series of five lessons as outlined. 
There are many demands being made for the millinery work both spring 
and fall. 


NUTRITION 


The Nutrition Series is being conducted in about thirty of the rural 
schools in counties where there are no home demonstration agents. The 
teachers act as Leaders. 

Nutrition Project by Muriel Hopkins. 

Beginning with October, changes in the state extension organization 
affected the nutrition program in quite radical measure. Up to that 
time it seemed only possible in the main to have single meetings with 
women on Nutrition. There were three definite exceptions when a con- 
secutive series of meetings covering from four to eight lectures or dis- 
cussions were held, women enrolling for the course following somewhat 
the plan of training classes for local leaders. At present the state is 
so divided that the Specialist is working entirely with definite groups 
of women having a series of five all day meetings. The plan is as follows: 

The Spec ialist goes to two counties each week. In each county she 
Stays two days, meeting one group of women each day and giving two 
nutrition lectures—one in the morning and one in the afternoon. The 
Specialist returns at an interval of four weeks giving two more lectures, 
ete. The subject for the lectures or discussions are: (1) General Nutri- 
tion Knowledge; (2) Feeding the Baby First and Second Year; (3 
Process of Digestion; (4) Feeding the Pre-School Child (two to six years 
of age) ; (5) Application of Process of Digestion to Everyday Nutrition 
Habits; (6) Feeding the School Child (six to sixteen years of age); (7) 
Corrective Diets; (8) Psychology of Adolescence; (9) Caloric Value 
of Foods; (10) Menu Planning. 

There has been but one Nutrition Specialist in the Department. Be- 
ginning with November, Miss Adele Koch has come to the Department 
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as Home Economics Specialist. In such capacity she is assisting with 
the nutrition program taking care of the calls which the Nutrition spec- 
ialist cannot include in her program. 

This year there has been created a research nutrition division in the 
resident Home of Economics Department. Dr. Marie Dye from the 
University of Chicago is the instructor in charge. We hope to get valuable 
illustrative material for special features of the nutrition program this 
coming year through this department. All nutrition publications having 
been published since the beginning of the school year have been referred 
to Dr. Dye for consultation. This is a custom which will be definitely 
followed in the future. The nutrition material since September has been 
the school nutrition series Which was carried on last year and is being 
carried on this year with some variations. 

The chief problems in nutrition work in the state may be shown from 
the following analysis of Michigan’s Nutrition Project: 


ANALYSIS OF NUTRITION PROJECT 


Group I 
Nutrition Habits: 


Bread and coffee families—so called because above forms nucleus 
of family diet. Scanty supplies of milk; little or no vegetables other than 
potatoes; and little or no fruit. 

Outstanding Diet Habits: 

‘Not enough calcium and iron. Inadequate protein. Not enough 
vitamins. Too much highly seasoned foods. Too high a proportion of 
carbohydrates. Not enough bulk. Faulty food habits. 


Deficiencies—Supplies: 
Not enough vegetables, not enough milk, not enough fruit. 


Resulting Health Conditions: 

Malnutrition in children. Defective prenatal feeding. Rickets.  In- 
fantile scurvy. Early aging. Increased susceptibility to disease. De- 
fective teeth. Tuberculosis. Constipation. Anemia, Tendency toward 
diabetes. 


Remedies: 


More mineral foods; a, milk, b, vegetables, c, eggs, d, fruit, more vitamin 
foods; a, milk, b, butter, c, spinach or greens or tomatoes or fruit, 4d, 
whole grain cereals. More protein foods; a, milk, b, eggs, ¢, meat in mod- 
eration. 

Suggested Changes in Conditions: 

Increased consumption of milk. Increased consumption of vegetables. 
Increased consumption of fruit. Milk in place of coffee for children. 
Teach American preparation of foods. Encourage vegetable and fruit 
production. Better food habits encouraged, regularity of meals, eat 
at regular intervals and not between meals, unhurried meals, happy meals. 
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Groupe II. 
Nutrition Habits: 


Bread, meat, potato, coffee, sweet family, very little milk, little or no 
vegetables other than potatoes. 


Outstanding Diet Habits: 

Not enough calcium and iron. Insufficient vitamins. Too much fried 
and highly seasoned foods. Not enough bulk. Faulty food habits. Not 
enough necessary growth habits. 


Deficiencies—Supplies: 
Not enough vegetables. Not enough milk. Not enough fruit. 


Resulting Health Conditions: 

Malnutrition in children. Defective prenatal feeding. Rickets. De- 
fective teeth. Capacity for work ‘hampered in adults. Constipation— 
tendeney toward nephritis if too much meat. Chronic condition of toxic 
nature. 

Remedies: 

More mineral foods: a, milk, b, vegetables, c, eggs, d, fruit. More 
vitamin foods, no fried foods for children particularly. No tea or coffee, 
for children. Regularity of meals. No eating between meals. 

Suggested Changes in Conditions: 

Increased milk consumption. Increased vegetable consumption. In- 
creased fruit consumption. Teach ‘preparation of foods other than 
frying. Encourage moderation in meat. Discourage coffee and tea for 
children. Encourage vegetable and fruit production and preservation 
budget. Better food habit, regularity of meals (eat at regular inter- 
vals and not between meals. ) 


croup III ) 


Family whose diet is fairly liberal, but does not realize the importance 
of milk and vegetables besides potatoes every day. 

Irregular or faulty food habits. Too many fri ied or highly seasoned 
foods. Not enough calcium and iron. 

Not enough milk. Not enough vegetables. Not enough fruit. 

Children not resistant to diseases. Many children undernourished. 
Deficiency in diet of prospective mother. Defective teeth. Constipation 
—not full capacity for work. Chronic condition of toxic nature. 

Absolute every-day regularity in consumption of: a, milk, b, veg- 
etables. No fried foods for children. No tea or coffee for children. 

Increased every day consumption of milk. Simpler foods at social 
functions. Regularity of meals established. Increased fruit consump- 
tion. Teach menu planning. No coffee or tea for children. 

The ultimate state goals are: One, active enthusiasm of communities 
over entire state for ‘the work ; : (2) through this enthusiasm a home 
demonstration agent established in every county; (8) requests for organ- 
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ized types of work; (4) development of local leadership; (5) spread of 
influence in community. 

The state goals for the year are: (1) number of people with increased 
interest in food and nutrition; (2) increased consumption of milk, vege- 
tables, and fruit; (83) increased number of family vegetable gardens; 
(4) increased vegetable, fruit and meat canning; (5) less fried foods 
and coffee; (6) number of people practicing improved food habits; (7) 
number of definite demonstrations established in prenatal feeding, baby 
feeding, pre-school child feeding, school child feeding, overweight, under- 
weight, constipation; (8) definite local leaders in each community where 
nutrition course has been given. 

In the work with women the present plan of working with a group 
for a series of meetings is proving very successful. Women are interested 
and the Specialist finds them returning to the meetings having actually 
changed food habits for the better. In the three instances where real 
training classes for local leaders have been held, they have proven very 
successful. No greater responsibility has been placed upon the indi- 
vidual local leader than to request that she report the meetings to her 
local organization, that she distribute the bulletins on child feeding 
when they can be used, that she get definite mothers to agree to check 
the cards on pre-school and school child feeding for one month. 

The chief difficulty with carrying on work through training classes 
for local leaders has been that it requires a great deal of individual 
work to get the plan underway. In each instance the work has been 
handled through the home demonstration agent. Where there is no dem- 
onstration agent it has thus far seemed impossible to organize the work. 

In connection with the nutrition work the Specialist has been carrying 
on a school nutrition series. This plan has made use of the teacher as 
a local leader. One nutrition story with accompanying illustration 
material is being sent each month to the schools enrolled. This year’s 
series runs as follows: (1) Good Growth Story; (2) Milk Story; (3) 
Vegetable Story; (4) Potato Story; (5) Fruit Story; (6) Good Break- 
fast Story; (7) Rest Story. 

The county agents have acted as county chairman for the work. In 
the present plan they have been responsible for placing the work in def- 
inite communities in their respective counties. In many instances their 
interests has been active enough to provide transportation to and from 
place of meeting, etc. They have handled all publicity for the meet- 
ings. In the school nutrition series, with co-operation of the county 
school commissioner, the county agent has been a very active factor 
in getting ‘the series underway. 

In the nutrition program the home demonstration agents have been 
very effective local leaders. The Specialist has found that one visit to 
an organized county has resulted in enough suggestive material to the 
home demonstration agent to supply her with material for several- 
months. The home demonstration agents have made quite active use 
of the bulletins on child feeding. More than half the copies of the school 
nutrition series go to home demonstration agents for distribution. 

The Boys’ and Girls’ Club Leaders have been active in helping with 
the nutrition meetings held under the supervision of the Specialist in 
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their respective counties. They have acted as local leaders in that the 
Specialist has met with them two definite times during the year and dis- 
cussed Michigan nutrition problems. They have helped in introducing 
the school nutrition series in their respective counties. 

The Specialist has given in all 105 lectures to club organizations with 
a total attendance o q 1732; and 34 lectures at community meetings with 
a total attendance of 995. While there has been no definite means of 
tabulating results from return visits, letters, etc., the Department knows 
that many suggestions were adopted. There were forty lectures given 
school children with a total attendance of 2,596. 

During the winter of 1921-1922, a consecutive series of nine lectures 
were held in Barry county. There was no method devised of definitely 
tabulating results of those meetings. Training classes for local leaders 
have been conducted in Menominee county, Kalamazoo county and Wayne 
county. Such meetings number in all thirteen, with a total attendance of 
386. In Menominee county the effort was simply that of having the women 
return to their respective communities giving a report of the meeting. 
This was done. In the Kalamazoo county meetings, pre-school child 
home cards and school child home cards were distributed and each 
local leader agreed to make a consistent effort to establish home dem- 
onstrations through them. Time has not yet elapsed to get the data 
from these demonstrations. 

Reports for the school year 1921-22 of the school nutrition series is 
as follows: 

The School Nutrition Series has reached in part or in whoie, 44 counties, 
1,941 schools and 44,643 children. Since the Series has been introduced 
during ‘the entire school year, it has been Emp Gpetble to complete it in 
every instance. The results stand as follows 


Children having formed daily milk drinking habit for one month. 52% 
Children having formed daily big bre akfast habit for one month.. zg die 
Children having formed daily habit of eating vegetables other than 

Hota toes) FOr), OME MOEN | eae eerie se cete seetiy edaokene ; ale rehihe teks, xtabe 59% 
Children having formed daily habit of sleeping at le ast ten hours 

for griemnoutiiy, PENH Sitter eps ie Bae eee SE AS EONS Se cae rine pee toe 
Children having formed daily ‘habit of not eating knick- knacks be- 

WEEN GAS: po Spahr E seed are eae dete avers eer nace Lae ES PPro eer 36% 
Children having formed daily habit of brushing teeth before going 

LO UDERE He one ae eee EL IARCO RY ata urs ges Bs aac ret ance pete Ebi tha de 41% 
Children having formed daily habit of eae a good serving of 

AUG ott Sere © Be Naas ay De HS ae Can Pi Shae Di Fe shige ta Deets toe 0 43% 


Children having formed daily habit of eating a big heat isis big 
dinner, big supper ie Li he tees ERT ay Wey < Un Sr Sh ek Pah aes oy tg 
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REPORT OF JUNIOR EXTENSION WORK BOYS’ AND GIRLS’ 
CLUBS. 


BY R. A. TURNER. 


The activities of the Junior Extension staff are reported upon under 
the project headings given below: 


Home Economics Clubs: 


Canning 

Cooking 

Hot lunch 

Clothing 

Own your own room . 


Agricultural Clubs: 
Pig 
Calf (Dairy and Beef) 
Sheep 
Corn 
Bean 
Potato 
Poultry 
Handicraft 
Garden 


HOME ECONOMICS CLUB WORK FOR 1922. 


The enrollments in Home Economics line of work continued to exceed 
those of 1921 by 25.6 per cent. For the first time in three years we 
have been able to have a consistent summer program develop in the 
upper peninsula. Last February we secured the services of Miss Ruth 
Cresswell, formerly in charge of girls’ clubs in the state of Washington, 
for assistant state club leader, having charge of the upper section of 
Michigan. She has done a very splendid piece of work. In order to 
enable us to carry out in the lower peninsula our full summer program, 
which this year included several camps, we secured the help of Miss 
Nathalie Vasold, formerly on dur staff, for a period of six weeks. This 
made it possible also to develop the girls’ standards of the Club Tour held 
at the College in August for the stock judging elimination contest. 
Every two days a new group, representing five to seven counties, came 
in, and girls having completed the winter project or actively engaged 
in the summer work being eligible to attend. For this short period 
instructions in Home Economics were given, resembling to a certain 
extent, the large program during state club champions’ week. A total 
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of about fifty girls attended this year. We expect next year this num- 
ber will expand to about one hundred. 

For 1923 we are assured of exhibit space at the State Fair so that 
all Home Economics work will be represented. The demonstrations will 
be held on a competitive plan, the team winning first place in each line 
of work, winning a trip to Club Champions’ Week at the College where 
they will put on a demonstration for the girls assembled here at that 
time. 


CANNING. 


Although the statistical report for canning club work shows only a 
25 per cent increase over last year’s figures, we feel that a definite prog- 
ress has been made. We have had more second, third, and fourth year 
girls enrolled this year than ever before and almost invariably these 
girls have canned much more than the required amounts. Our goal for 
the clubs this summer was “Enough for the Family,” based on the can- 
ning budget which was sent out at the beginning of the season. 

The canning project is divided into four years of work, the fourth 
year girls taking the leadership of a group of younger girls if possible. 
During the past year, many of the girls did this and were very success- 
ful with their clubs. <A revised edition of our old canning bulletin was 
printed early in the summer. 

This spring we devised a home-made steamer, for the purpose of econ- 
omy of heat and time in processing fruits and tomatoes. This was ap- 
proved by the M. A. C. Bacteriological Department and has been success- 
fully used by: the girls this summer. It has been very convenient for 
the purpose of demonstration as well. 

Our demonstration teams were composed of only two members this 
year which we found worked much better than the three-girl teams. 
Fourteen teams demonstrated at the State Fair. These teams were 
chosen from clubs which had done especially good work during the sum- 
mer. Jelly-making seemed to be the most interesting demonstration, 
judging by the attitude of the Fair crowds, although the use of tin 
cans and the demonstration in meat and soup canning attracted many 
people. The team from Coldwater, Branch county, was chosen at this 
time to represent Michigan at the Sioux City Contest. The Coldwater 
Board of Commerce paid the expenses of the girls for this trip. Al- 
though this is the first year Michigan has entered this contest, we hope 
it may now be an annual affair. Seven of our canning club girls attend- 
ed the International Live Stock Show, three receiving the trip as 
awards from the Hazel Atlas Glass Jar Company and the other four 
being sent: by their respective counties for their splendid canning records. 

There were four cities—Bay City, Grand Rapids, Detroit and Bloom- 
field Hills Community—which carried on club work through canning 
centers at the public schools. Much of this work was done in connec- 
tion with the city garden clubs. Many of the mothers were reached 
through these centers and in Detroit they were opened on certain days 
for the foreign mothers to learn more about the cold pack method. 

Leadership is more difficult to secure for canning clubs than for winter 
clubs. Housewives are very busy at this time and teachers are usually 
not available for the entire season. 
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Canning seems to run second to garment-making in popularity. This 
was true for the first year clubs were organized in Michigan and seems 
to be continuing. Since the drop after the high peak of 1918, the average 
yearly increase in number of clubs has been between 25 and 30 per cent. 
Although this is not a high figure, the growth is substantial and the 
project is retaining interest of the girls who start it, so that we feel 
it is holding its own. 


COOKING. 


This past summer we have had enrolled only twelve cooking clubs. 
We have not pushed this project especially hard because we felt that it 
has still been in the experimental stage and it would be better to wait 
until we were a little more sure of our project before organizing it too 
extensively. It is very hard to obtain competent leaders—leaders who 
can teach food values and basic principles of cookery rather than 
recipes. |We have decided that the method we have used heretofore in 
presenting our cooking lessons must be changed and more detailed in- 
struction given so that leaders who have had no definite training along 
this line may still handle the project. 

This is the first summer we have tried out the third year’s work. This 
consists of meat cookery and bread making and the girls were very 
much interested in it, more so than in the first or second year’s work, 
we believe. One club gave a demonstration on bread making at the 
State Fair which attracted much attention. 

The second and third year girls exhibited some of their baking in 
the open class at the fair, competing with the women and receiving 
many prizes. 

We hope to put this project on a little better working basis next 
year and to be able to organize and carry on the work with a greater 
number of clubs. 


HOT LUNCH. 


Hot Lunch Club Work began in Michigan in 1918, with one club. 
Since then its organization has grown as follows: 


1919 1920 1921 1922 
GHG tc eae eres 18 78 134 170 
Enrollments ....... 563 1,807 2,577 3,289 
SERVER Aa sie se 40,021 140,364 198,170 316,502 


The increase, 26.6 percent between 1921 and 1922 was not nearly so 
great relatively as between the earlier years, but the number of servings 
has increased nearly 100 per cent, which shows longer seasons of serving, 
even though last winter was a mild one. We have decided after some 
investigation that the small per cent of increase is not due to lack of 
interest, for about one hundred requests came in for bulletins not fol- 
lowed by club enrollments, but due to the fact that the hot lunch system 
appears too complicated, particularly in its accounting. For this reason 
an estimate has been made of the cost of each product used in the 
recipes and the cost of serving of each recipe in the bulletin. 
This. together with a simpler accounting system, as shown 
on the attached sheet, has been. received with a great deal of relief 


284 STATE BOARD OF AGRICULTURE 


by both county and local leaders and this year we look for 
better results in the number of hot lunch clubs enrolled. If we were 
to write an entirely new bulletin, we would recommend other changes 
in the organization of the work, but this will not be done until the pres- 
ent supply is exhausted in order to present too much confusion of 
ideas. 

Several schools observed so far in the 1922-1923 season have added 
considerably to their equipment indicating the security of the project 
where it has once been successfully carried out. 

Very strong support is coming to us from the county nurses. For 
a few years we found it difficult to get them to organize the groups into 
clubs, though they did promote the serving of a hot food at noon. This 
year a large number of the county health workers are co-operating with 
us, realizing that permanency of the work in a school cannot be secured 
when there is a rapid change of teachers and no well-organized group 
left behind to start the new and perhaps uninterested leader. The in- 
fluence of the nurses is the strongest factor we can call to our assist: 
ance, and we look for good results from this co-operation. 


CLOTHING. 


The garment work still leads the Home Economics subject in popular- 
ity, due to several reasons. First, the immediate utility of the product, 
second, the season of the year in which the work is done (winter), and 
third, the fact that it is the easiest project for which to find leadership. 
There is also a more pronounced sentiment on the part of high school 
superintendents to credit the sewing work done by farm girls preceding 
their entrance to the high school. In many instances their departments 
at the high schools are especially crowded in the ninth grade, so several 
have met this situation by allowing ninth grade credit to girls who 
have completed the first two years of garment club work. An especially 
encouraging support from educational sources comes from the Western 
State Normal. Their registrar has found that he cannot admit to its Home 
Economics course because of crowded conditions, girls who have not had 
previous work in this line. They now accept club certificates of achieve- 
ment given in the first two years of garment work as the necessary pre- 
requisite for their courses. 

Three years ago we attempted to restrict our garment-making to 
winter season only, realizing that unless we did so, we could no longer 
give satisfactory help on the project to our county and local leaders, 
owing to the pressure of the canning and fair seasons. There was some 
opposition at first, but with this as a second summer, we had but five 
summer garment clubs, where before almost one-half of them were work- 
ing through the summer. This has worked to great advantage in keep- 
ing up our canning enrollments, and we would not change back to the 
old system unless forced to do so: 

The work runs through three years as follows: 

First Year. 

Bag or sewing apron (hand). 

Kimono draft and one garment (machine). 

Bloomers or second garment on draft (machine). 
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Darn 2 pairs stockings. 
1 overhand patch. 

1 hemmed patch. 
Report and story. 


Second Year. 


Bloomers. 

Princess slip. 

Corset cover or camisole. 
Envelope. 

Underskirt. 

Kimono. 

Dress. 

Skirt. 

Middy Blouse. 

Smock. 

Club uniform (middy suit). 
One-piece dress with set in sleeves. 
Jumper suit. 

Child’s suit. : 
Report and story. 


Third Year. 


Budget. 
Remodeling of woolen dress or making a new woolen skirt with suit- 
able blouse. 
(textile study. 
(stain removing. 
(dyeing. 


Notebook. 
(cleaning and ‘pressing. 
(color. 
(design. 


(report and story. 


After the third year, girls may elect the Household Management and 
Interior Decoration project or help lead a garment club. 

In all our projects we find this to be true—those who drop out do 
so almost always during the first year. Those completing the first year 
usually elect the second. Owing to separation of the groups for various 
high schools at this time, there is a decided drop between the second and 
third year enrollments. However, third year girls enrolled finish nearly 
100%, and last year nearly all elected the Home Management work. 97% 
finished. The following is the record since the war peak: 


1918 1919 1922 
WON ChUDSE 2k Oe: 215 159 30 
No. enrolled ..... 2,527 1,981 3,214 
'% of finishers ..... 42.06% 41.8% 72.68% 


_For the first three years we have been experimenting on the require- 


286 STATE BOARD OF AGRICULTURE 


ments for this work until we are satisfied that ithe present suggestions 
are practical. Our new bulletin has been promised by the printer for 
delivery January 1st. 


OWN YOUR OWN ROOM 


(HOUSEHOLD MANAGEMENT AND INTERIOR DECORATION ) 


This is the second year of this project as a piece of work separate from 
the garment making. This is the record for the two years: 


1921 1922 
Nos Clubs Cnc turer re ari arte 3 138 
Haroliment coset ae ee eee 23 65 
Valle. cc2M ax ke econ eee aerate ‘,. $62.00 $714.25 


Last year the beginning was made for running the “testing circle” 
work for home conveniences. Four articles were tried, dish drainer, 
oiled dust cloth, bread mixer, fireless cooker, besides some small kitchen 
utensils, such as spatula, kitchen scissors, ete. This year we plan to 
introduce rearrangement of kitchen furniture, making it a problem in 
household engineering. The Women’s Extension Specialist, Miss Rogers, 
will co-operate with us working this up. 

The amount of work done by the girls last year exceeded by far that 
of 1921. Only one small club of four girls made the inside limit of three 
articles,-many of them making as high as eight. One girl repapered 
nearly the entire house, refinished floors and woodwork in several rooms, 
and altered her own furniture. 

It is not hard to interest leaders in this work. Practically all of them 
were garment club leaders and, therefore, experienced. However, they 
unanimously agree that this is the year affording the greatest pieasure 
to the girls and themselves, and is a project where it is really necessary 
to exercise a little restraint rather than to urge the girls on. We 
are looking forward to the development of this work with a good deal 
of interest, for the exhibit during club week fascinated the champions 
who saw it, and this precludes good clubs. 


LIVESTOCK 


Under this phase of the Boys’ and Girls’ Chub Work, I will discuss 
briefly the pig, calf—both dairy and beef, and sheep club projects. 


1. Organization. 


We encourage the year around club in all of the livestock projects. 
While the members are required to keep records only a part of the time 
—4 to 6 months—meetings are held throughout the year, thereby keep- 
ing alive the club spirit. As far as possible, the calf and sheep clubs are 
organized in the late fall and early winter, while the pig clubs are or- - 
ganized in the spring. It is our plan to have the records start so that 
the required time will be completed by the time the local or county fair 
is held in the fall. 
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In this state, many breeding associations are being built around the 
Boys’ and Girls’ Live Stock Clubs. Two methods are used in forming these 
associations; viz: 1-A parent, local leader, or other interested person 
who buys the club sire outright and charges each member so much for 
service, or, 2 The club as a whole buys a good club sire. In either case 
the sire may be used by persons living in the community upon payment 
of a nominal service fee. 

In one of our counties (Eaton) there are ten such associations con- 
sisting of a total of 128 pig club members. A number of these associa- 
tions were started two years ago and have operated very successfully 
since. In buying the boars, the county agent, Mr. R. W. Tenny, has 
been very careful to buy animals that might be interchanged between 
clubs at the end of one year. This makes the period of use for a good 
sire for at least three years where there are three clubs in the breeding 
circuit. Mr. Tenny is building his live stock improvement program around 
the Boys’ and Girls’ Live Stock Clubs. 

Before live stock clubs are organized in a community or county, an 
attempt is made to hold a meeting of all the breeders of that class 
of live stock. At this meeting an outline is given of club ‘work, ¢o-opera- 
tion expected of breeders and followup work to be expected from the 
county and state club offices. Our most permanent clubs are built around 
the live stock breeders. 


2. Supervisory Program. 

The assistant state club leader in charge of live stock club work 
assists county leaders in outlining their plans of work for the year, 
meets with county breed associations, and goes into the county at least 
once while the project is being conducted to give assistance in subject 
matter instruction. In addition he helps to plan club tours, has charge 
of the district live stock contests and the live stock exhibits and contests 
at the State Fair, and also assists in closing up the club work at county 
fairs in the fall and achievement days. More details of the club tours 
and how the supervisory program is carried out, will ‘be given under 
the heading “Project activities and results.” 

Subject Matter Assistance: Standard publications such as state and 
U. S. D. A. bulletins appropriate for the different projects are listed 
by the Boys’ and Girls’ Clubs Department. These lists and the neces- 
sary bulletins are sent to the different county leaders. The bulletins 
are supplemented by timely seasonal suggestions on the various projects. 
All subject matter is written up in co-operation with and by the hand 
of the proper department of the college. 

At the beginning of the year my plan is to look over the different 
county club agents and county agents programs of work for the year 
and from these learn the most pressing livestock problems. As far as 
possible, the subject matter we send out fits in with the “attack” of these 
problems. 


3. Project Activities and Results. 


I find that one of the most effective ways of reaching the 39 counties 
with 1529 boys and girls that are doing live stock club work is through 
club tours and district stock judging “meets.” In this way [ can reach 


288 STATE BOARD OF AGRICULTURE 


the largest number of members in a given period with the “follow- 
up” work. These tours start June 15 when the organization period 
closes and close August 15 when the district contests begin. 

One to two-day tours were held in 25 counties. To make these attrac- 
tive as well as instructive the object of the tour was given as practice 
stock judging, the ultimate object being to select the county group 
that would go to the district judging contest where the county live 
stock teams for the State Fair were to be selected. Many parents as 
well as breeders attended these tours. 

A typical two-day tour would be something like this. All live stock’ 
club members, breeders, and parents assembled at some farm where 
a good class of animals could be obtained. I would discuss one animal 
and then let the club members make a placing on a class and give 
their reasons. Then I would discuss the class. Three farms with dif- 
ferent breeds or classes of animals were visited during the day. At 
noon we would have basket lunch. We tried to finish our stock judg- 
ing by four o’clock. Then indoor baseball games would be played be- 
tween clubs while a few members were detailed to prepare for supper. 
Usually we had a weenie roast at supper. Around a camp fire after 
supper I would give a short talk on feeding and management. Then 
an extemporaneous program would be put on by the club members. At 
10 o’clock p. m. everyone “turned in,” the boys sleeping in a barn or 
a tent while the girls spent the night in a near-by farm home or in tents. 
Breakfast and lunch on the second day were prepared and served similar 
to the supper of the previous day. Club members furnished their own 
dishes and a loaf of bread, 14 lb. of sugar, 14 lb. of bacon, 6 eggs, and 
50 cents. 

We took up practice judging and fitting and showing the second day. 

On these county trips we selected eight club members to go to the dis- 
trict round-up. Three round-ups were held, one at the state agricultural 
college at East Lansing for all the southern counties, one at Traverse 
City for all counties in the northern part of the lower peninsula and one 
at Chatham for all counties in the upper peninsula. 333 club members 
from 29 counties with a total attendance of 398 participated: in these 
“round-ups.” Two days’ work in feeding, stock judging, fitting and show- 
ing was given. Members of the Animal Husbandry and Dairy Husbandry 
Departments of the college assisted in the instruction. 19 of these 
counties came into the college in three different groups. They stayed 
over night in the dormitories. 

The 19 county club Animal Husbandry and 12 county club Dairy 
judging teams that judged at the State Fair were selected at these 
round-ups. There were also selected 5 stock fitting and showing teams. 

At the State Fair a dairy judging team was selected to go to the 
National Dairy Show at St. Paul, Minn., where they competed with 15 
other state teams. Michigan had 5th high man in entire contest, wa 
high team on Holsteins, had first and fifth individual judges on Hol 
steins and had 5th high individual on Jerseys. 

The Fitting and Showing Team which represented Michigan at the 
National Dairy Show won 4th place with 14 teams competing. A Mich- 
igan boy was second high individual of the entire contest. 

The Animal Husbandry judging team which was selected at the State 
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Fair and competed at the International Live Stock Show at Chicago won 
Tth place with 19 state teams competing. 

I feel that the big value of our live stock judging was in the training 
we gave the 1500 live stock club members in the county rather than the 
placings of the three club teams which represented Michigan at National 
Shows. 

Club Exhibits: 211 head of animals from 6 counties were exhibited 
at the State Fair by live stoek club members. They won the 2nd prize 
earload of.fat steers in the open classes with 11 cars competing. A 
club member won the Junior Champion Poland China Boar in the open 
class. The Junior Champion Berkshire sow pig in the open class was 
owned and shown by a club member. A large number of other placings 
were made in the open classes | by club members. 

Pig Clubs: There were 118 pig clubs organized in 34 counties with 
an enrollment of 1,020 members. 732 members reported showing total 
expenditures of $28,183.17 and receipts of $37,416.67 leaving a net profit 
of $14,233.50 ‘ 

Dairy Clubs: There were 35 dairy clubs organized in 12 counties with 
an enrollment of 338 members. 272 members reported showing total 
expenditures of $22,601.20 and receipts of $32,754.06, leaving a net profit 
of $10,152.86. 

Beef Clubs: There were 6 clubs organized in 6 counties with an enroll- 
ment of 89. 71 members reported showing expenditures of $6,085.03 and 
receipts of $9,069.29, leaving a net profit of $2,984.26. 

Sheep Clubs: There were 10 sheep clubs organized in 7 counties with 
an enrollment of 81 members, 47 members reported showing a total expen- 
diture of $2,361.84 and receipts of $4,018.78, leaving a net profit of 
$1,656.94. 


4, OUTLOOK. 


1. I am planning to do the club work in 1923 as it has been concucted 
this year. The parents and live stock breeders have gotten behind the 
program as outlined this year in such a splendid manner that I feel 
we are working along the right lines. 


2. The supervisory program in 1923 will be essentially the same as 


in 1922. 
FARM CROPS 
The farm crops clubs organized during the year include those in 


corn, bean, and potato. 
abulation shows the following results: 


P No. No. : No. 
Project Counties Clubs Enrollment Completing Value 
Corn be syts sabes Se Ls acigg = ep RP eee 7 12 96 63 $3,141.70 
RG saTy terse tee ene caters trteca race rac aatans chs aeysroidtofig' (cus 4 5 21 18 511.80 
ROtaton stern SUGt cata et tkachs Hea nyetsitd os opbveiahe 23 39 305 231 6,257.19 


That crops club members learn and demonstrate good practices is 
10 
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shown in the yields obtained as compared to average yields for Mich- 
igan for 1922. 


Peoiet State Av. Obtained 
y Average by Club Members 
COPTIC Ss Se a cE Deca ere meee oe NTE ena ote oie eer Seer 34.8 bu. 76. 8 bu. 
BGan set 22 Oe Es Ger ee ee ae ee a eo eee 19"5/ 2s 1205 
POtAtO 522 SS ore eect ee so ROE AROS EEE a eae eons oye a felt ets Setaeire 104.0 “ . 119.0 


During the summer some subject matter assistance in grain judging 
was given to corn and bean club members in the several counties having 
those clubs. At the Michigan State Fair, 8 judging teams from as many 
counties competed for state honors in a state-wide grain judging con- 
test. The Washtenaw County team, as winners, were awarded a trip 
to the International Grain and Hay Show at Chicago. Several similar 
contests were held at county fairs, the winners being awarded a similar 
trip. 

Michigan again exhibited corn at the National Corn Club Show and 
at the International Grain and Hay Show. A number of enviable winnings 
were made at each. 

That club members can demonstrate the mixing of spray mixtures 
was shown in the five demonstrations at the State Fair. The team from 
Presque Isle County was sent to the Michigan Apple and Potato Show 
at Grand Rapids to repeat their demonstration. 

A potato club section was provided at the Michigan Apple ‘and Potato 
Show. 

The annual potato club show was held at the college during Farmers’ 
Week. At that time the state championship was determined and the _ 
loving cup provided by the Michigan Exchange awarded. 


POULTRY 


In co-operation with Mr. E. C. Foreman, Extension Specialist in 
Poultry, a program of work for this past year was outlined. The dem- 
onstration was divided in such a way that the club member was given 
the choice of following the line which best adapted itself to his club 
and his community. Hatching and brooding work included the setting 
of the eggs, hatching, brooding, feeding, and care of young chicks. 
Financial returns came from the sale of chicks raised. In many instances 
the best birds were retained to be used as a foundation for second year’s 
work. In the egg and meat production work, club members started with 
mature birds. “Financial returns were had from the sale of eggs and 
meat. It was noted that an increased number of poultry club members 
took over the care and management of the farm flock, and usually, with 
the most satisfactory results. In an increased number of instances, it 
was noted that club members had demonstrated to their community 
good practices in poultry keeping to such an extent that the poultry 
industry of that community had been revolutionized. 

County, district, and state fairs co-operated in providing for Poultry 
Club exhibits and demonstrations. At the Michigan State Fair, the 


EXPERIMENT STATION REPORTS. 291 


Poultry Club program was larger than ever before. More birds and 
these of a better quality were exhibited. Poultry demonstrations were 
given throughout the period of the fair as were also the judging contests. 
An egg-laying contest was conducted similar to that for the adult breeder. 


HANDICRAFT 


Handicraft club work, as a winter project for boys, has thrived in 
Michigan where it originated in 1915. A gain of 75% in the number 
of clubs organized over the preceding year would seem to indicate that 
the project is answering a real demand for this type of club work. 

During the year the Club Bulletin No. 11 “Handicraft Club Work” 
has been revised and printed. 

Handicraft club members have made a very definite contribution to 
extension work in ‘the making of large numbers of farm and household 
conveniences, this being especially true in the case of the latter. Home 
demonstration agents have found that handicraft club work is a valu- 
able assistant to their programs for household management. 

Additional publicity was had through the many demonstrations given 
at community, county, and state fairs. These demonstrations should . 
tend to further increase the scope of the project during the coming year. 

An exhibit of handicraft club work was sent to the Interstate Fair 
at Sioux City, Iowa, and also at the First International Boys’ and Girls’ 
Club Exposition at Chicago. 


GARDEN 


Garden Club Work has again proved to be most popular in the cities 
and larger towns and villages. In several cities it still continues since 
it was first established during the war period. 

This year’s results show that the big majority of garden club members 
raised garden products for home use. Only a comparatively small num- 
ber were on a commercial basis, but these succeeded in their business 
through the medium of curb markets or by selling their products to 
summer resorts. 

Detroit, Grand Rapids, and Bay City were outstanding in the amount 
and quality of garden work done. Co-operating with the college were 
the Recreation Commission, the Board of Education, and the Civic 
League, respectively, in the above named cities. 

C. Kind and quality of leadership. 

The following table shows the occupations of local club leaders, Mich- 

igan, 1922: 
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Farmers ° 
Project Sse ae Teachers pres Students | Florists | Ministers ie 
Clothing... 2 sees cece orl st eee 
Handicratt......-- 40 
opener <a. s/s cor bee 
Wooking: 3. esis eso else wre cates 
Canning as 55 tstat,: Poder ee otal wane nce en 
Corn’. 5.) cos seekeeeeieoce 12 
Bean. tie ee wee eee 5 
Potatot:.cevins se seged wee 30 
Pig. sais Sacto Cen cae are eae 86 
Calfeys gee cere. REE: one 37 
Sheep.) ce tie ce hea ee ae 9 
Poulirys Sees see ce eee 21 
Garden! Je ces eeeeaece 5 
J Wo) 1 Ee en ee ae 245 223 630 21 22 8 8 266 


—D. Results in terms of demonstrations or projects. 


: No. of Enroll- No. 
Project Clubs ment Reporting Value 

Cornus 2P Sep aes sae eee ad CIE ee ee eee eee 12 96 63 $3,141.70 
POUMEON ie sccm e Roars eel Pe ae eee ie ort Oe ECR CEE ae 39 305 231 6,257.19 
Gardenee S50 Becerra eis cee ee se eee Fe 193 5,484 2,695 21,987.40 
1 SEH RRO OTIC Sen ich haar aoe IRE O UMBC Coe Serna 92 781 593 21,331.44 
Sow and Litter. ESE Oh et RE 20 26 239 139 16,085.23 
Dairy Calee ss cosh nee eon ote on Boe ce naan 29 268 211 18,296.95 - 
Dairy Hever ose jcen soe ent oe eo woe oon On 4 50 45 10,260.00 
Coward! Calis j.5 see aot Oe au eit nae cee 28 2 20 16 4,197.11 
Beth ohana cease Ge eat AS oe ee Tae een oases a 6 89 71 9,069.29 
Sheept Heoer hee Merete hee een cee ee Mock vec wed eae he = 10 81 47 4,018.78 
POUT: neat teat Se rer ecko, DOSE ee Ce eae 67 489 264 11,230.24 
Canning. 35 -4,23'. fo means Gee aoe) oS ae eee Ae eee, ee 133 1,828 aly 35,590.86 
Meal:‘Preparation (Cooking) J2sc a1 <ceee corti ea ene Pee ee eee 12 71 53 542.18 
Hot:-Lunchs S57... 2 sept e Goo es Ce en Gate eee an: Senne Gore ae 170 3,289 2,555 5,994.50 
Clothing 7020s \ estates ree ee EE eee 332 . 3,214 2,336 12,512.62 
Own “Your (Own Room: 2s sane een ere ak ae eee oon en ee eee 13 65 63 714.25 
Beant’ i200. a Meee de han See SC kee eee 5 21 18 511.80 
Handicrait, ae: 2. svete kscae ceases eee eee 175 1,667 966 5,569.90 

Totals. oh tee ts Ets eee ares eee Aer Bo eee 1,320 18,056 | ~ 11,587 | $187,311.44 


EXHIBITS, CLUB ENCAMPMENTS, ACHIEVEMENT PROGRAMS 


201 state and county club champions and leaders enrolled for the 
Fourth Annual Club Week at M. A. C., July 10-14, 1922. Through ar- 
rangements with the State Board of Agriculture, these champions were 
housed in the college dormitories. During the week they were not only 
given instruction in good practice in agriculture and home economics, 
but they were brought in close touch with the college and its various 
departments. 24 of those attending held scholarships at M. A. C. and 
expect to enter this college. 

174 club members from the upper peninsula attended the Third Annual 
Club Camp at the college experiment station at Chatham, August 5-9, 
1922. Instruction in cookery, sewing, poultry, stock judging, potato 
disease control, etc., was given. The college, through the officials at 


oo 
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the station, co-operated in supplying camping facilities, live stock 
awards in the judging contest, ete. 

In several counties, club camps were held for the club members in those 
counties. Members of the state staff assisted with most of these. 

The Sixth Annual County Normal Day brought several hundred Normal 
students to M. A. C. on May 11 and 12, 1922, when the college acted 
as hosts through the club department. Since the sttidents in the County 
Normals are to teach in rural schools and should be somewhat familiar 
with the agricultural college, this means is taken to supply that need. 

Some 300 club members were at the State Fair at Detroit, Sept. 1-10, 
1922, as exhibitors, members of judging or demonstration teams. <A 
club camp was maintained through arrangements with the state fair 
officials. The State Club Leader is superintendent of the Boys’ and 
Girls’ Club Department of the Fair. 

County Achievements Days have been held in the several counties 
to bring to a formal close the work of the season or year. That these 
achievement days have a stimulating effect upon the work of the fol- 
lowing season is not questioned. 

61 club champions and winners of trips made up the Michigan dele- 
gation to the International Live Stock Show at Chicago. 86 are eligible 
to attend the 1922 show. This trip has a far reaching value in promot- 
ing a constructive interest in club work throughout the state. 

Report of the Extension Work in Farm Crops. 
Summary by Prof. J. F. Cox. 
Introduction of Varieties by G. W. Putnam. 
Crop Improvement by Howard Rather. 
Varietal Demonstrations by D. F. Rainey. 


Summary. 


‘The demand for Extension work has increased to the extent that it 
is not possible to meet all requests for service with the staff available. 
The careful development of leading projects has, we believe, led towards 
greater efficiency in work performed. 

Mr. G. W. Putnam was placed in charge of the general crops Exten- 
sion projects April Ist, being transferred from the position of Crops 
Experimenter, assigned to the Upper Peninsula. The alfalfa and legume 
campaigns, begun last fall, have occupied a large part of his time. 
Mr. Putnam is also in charge of the direction of the field inspection 
work of the Michigan Crop Improvement Association, and the release 
of new varieties from the college increase plats. 

With the resignation of Mr. A. L. Bibbins, January Ist, 1922, to be- 
come Manager of the Seed Department of the Grand League Federation 
Exchange of Syracuse, New York, Mr. H. C. Rather was elected Secre- 
tary of the Michigan Crop Improvement Association and placed in 
charge of ‘the crops varietal standardization project. Close co-operation 
with the Farm Bureau Seed Department has greatly increased the 
influence of the Crop Improvement Association. 

Crop demonstrations and varietal test, handled by Mr. D. F. Rainey, 
have proved to be of great value in aiding in the dissemination of crop 
varieties according to adaptations. In many counties the alfalfa cam- 
paign work is made particularly effective due to the presence of care- 
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fully planned alfalfa demonstrations planted one or two years before. 

The demand for crop exhibits at County Fairs, the State Fair and 
the International Grain and Hay Show, required considerable prepara- 
tion along ‘that line. Mr. H. C. Rather, assisted by members of the 
Farm Crops Department, handled this work. 

With the assignment of the potato crop to this department, Extension 
work in the standardization of potato varieties, spraying, and cultural 
demonstrations has been undertaken. <A report of the Extension work 
with potatoes has been submitted. Details can be found in the reports 
by Mr. J. W. Weston and Mr. H. C. Moore, Extension Specialists, 
assigned to potatoes. 

At a September meeting of the State Board of Agriculture, Mr. Moore 
and Mr. Weston were each made quarter-time assistants in experimental 
work. 

The daily correspondence relating to field crops has steadily increased, 
averaging a total of 68 letters per day. 


ALFALFA AND LEGUME CAMPAIGN 


Owing to the success which alfalfa growers have met with during 
recent years, and from the standpoint of permanent soil benefit, and 
the livestock situation in Michigan, it was deemed advisable to greatly 
increase the acreage of alfalfa. In most localities alfalfa is a “key crop”. 
Not only is the growing of this crop directly profitable, but the indirect 
benefits are very great. The successful production of alfalfa necessi- 
tates liming, the use of phosphate, etc., and leaves the land in excel- 
lent condition for growing general crops. It is also of great value in 
cheapening and bettering livestock feeding rations. 

A state-wide alfalfa campaign was announced in August, 1921. The 
work was placed on a county basis being conducted either in co-opera- 
tion with the Dairy Department, as a “dairy and alfalfa” campaign or 
as a straight “legume” campaign. The “dairy” and “alfalfa” campaign 
beginning October 29th to November 5th, held in Allegan county, was 
led by two teams, each composed of one man from the Farm Crops 
Department and one from the Dairy Department, each making four 
meetings per day with one night meeting. The meetings were held in 
barns during the day-time and in Grange Halls and other campaign 
meetings places at night. Over two thousand, four hundred farmers 
attended these meetings and it was estimated that the alfalfa acreage 
in Allegan County had increased to three thousand acres—over 70% 
during the past spring. 

Alfalfa “Campaigns” were conducted in fourteen counties, though 
practically all County Agents extended the alfalfa and legume acreage 
as a main project. 

Mr. V. H. Church, Crops Statistician of the United States Department 
of Agriculture, states that the alfalfa acreage of Michigan has increased 
from 76,000 acres in 1919 to 348,000 acres cut for hay in 1922, with a 
total of one-half million acres including new seeding. 

Most of the farmers estimate that the successful growing of alfalfa 
on land will increase its value.from twenty to forty per cent. Allowing 
an incrcease of $10 per acre in land valuation, it is not unreasonable to 
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believe that the increased plantings of alfalfa will benefit the state by 
at least $2,000,000 due to the added land valuation. There is a great 
increase in hay yield equal to at least one ton of extra hay per acre 
above clover and clover and timothy worth from $10 to $15 per ton, or 
an additional two million dollar or more. 

The chief direct benefits from alfalfa are additional profit from the 
crop and more economical feeding of livestock. It is reasonable to 
believe that an increase of over two hundred thousand acres, placing 
the alfalfa acreage of Michigan over five hundred thousand acres, will 
result within a year in added returns of from four to eight million 
dollars, with increasing future returns due to more livestock carried 
per farm, increased milk production and increased yields of the crops 
foflowing alfalfa. The establishment of a successful stand of alfalfa 
pays not only immediate profits, but substantial dividends distributed 
over many years. 

Proper methods of establishing successful stands of clover, red clover, 
alsike, mammoth and the value of other legumes, such as vetch and 
soybeans, were emphasized in regions where these crops are needed and 
adapted. Legume campaigns will be conducted during the coming year 
in the potato, bean, sugar beet, canning crop producing counties and 
livestock counties. All members of ‘the Farm Crops Department, in 
addition to the regular Extension men, are aiding in the alfalfa work. 

The immediate success of alfalfa and better clover campaigns was 
made possible, largely due to the excellent seed supplied in quantity 
from dependable sources by the Farm Bureau Seed Department. Over 
two hundred and eighty thousand pounds of Grimm alfalfa seed and 
approximately three hundred thousand pounds of northern grown com- 
mon was distributed in Michigan in 1922 by the Farm Bureau. Home 
grown alfalfa seed played an important part in increasing the acreage 
in many counties under favorable seed producing conditions of last 
year. Over 200,000 pounds of Michigan grown alfalfa seed (Crop of 
1921) was used in Michigan, the first time that home grown seed was 
of importance. The crop harvested in Monroe County alone in the fall 
of 1922 is estimated at 540,000 pounds, 200,000 pounds being handled 
by the Farm Bureau Seed Department. The production and use of 
Michigan grown alfalfa seed is being encouraged, particularly the Hardi- 
gan developed at M. A. C. and the LeBeau, a variety of 35 year history 
in Monroe County. 

Crop Improvement by H. C. Rather. : 

The work of crop improvement in Michigan is carried on in close 
co-operation with the Michigan Crop Improvement Association, the Seed 
Department of the Michigan State Farm Bureau and County Agri- 
cultural Agents and their supporting organizations. During the past 
year there have been held demonstrations in seed production, selection 
and improvement with 392 farmers. Along with these demonstrations 
there has been given information concerning cultural practices, treat- 
ment for disease, and various other matters relating to crop produc- 
tion which make for greater efficiency and economy in this phase of agri- 
culture. 

Two hundred and thirteen of these co-operators successfully met 
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the pedigreed seed requirements of the Michigan Crop Improvement 
Assn. and thereby made available 12,000 bushels of Rosen Rye, 5,000 bush- 
els of wheat, 25,000 bushels of oats, 2,500 bushels of barley, 7,000 bushels 
of beans, 1,000 bushels of soybeans, and 2,500 bushels of corn, grown 
from improved varieties developed or approved by the Michigan Agri- 
cultural College. Practically all of the wheat and rye thus produced 
was sold for seed purposes either by these growers individually or from 
a pool which they consigned.to the Seed Department of the Michigan 
State Farm Bureau. Similar arrangements are now under way for 
the disposal of the spring certified seeds insuring the widest dissemina- 
tion of such quality seed throughout the entire state. In addition thou- 
sands of bushels of seed, of these varieties but a generation or so removed 
from certified stock, were planted and are exerting a potent influence 
for more profitable crop production. 

A mailing list of 700 including farmers, county agricultural agents, 
elevators and seed houses, received from this department during the 
year, seven newsletters, ten printed circulars along with other matter 
relative to seed improvement. The circulars have a wide dissemination 
other than the regular mailing list and 5,000 copies of each were sent out. 

A comprehensive exhibit on alfalfa was made at the Michigan State 
fair at Detroit and the Western Michigan Fair at Grand Rapids, and 
in addition detailed information on preparation of seed samples for 
grain shows and for the market was furnished to 500 growers, over 100 
of whom made entries at the Michigan State Fair. 

An exhibit extending over 58 feet of wall space and showing the work 
under way in Michigan for the purpose of lowering costs of crop pro- 
duction was prepared and shown at the International Grain and Hay 
Show at Chicago, December 2nd to 9th. Emphasis in this exhibit was 
placed on the use of legumes, particularly alfalfa, and the use of more 
productive seed as a means of cheapening production of crops and live- 
stock. 

Largely through publicity and work from this office, over 200 entries 
at the International were winning the majority of the prizes in their 
classes. The quality of Michigan seeds thus received international rec- 
ognition with the resultant widening of the market for Michigan seed 
growers. ; 

Introduction of Varieties by G. W. Putnam. 

The proper release of new varieties developed at the Michigan Experi- 
ment Station is an important step in the program for varietal improve- — 
ment. There has been distributed seven hundred pounds of Elite stock 
seed of Improved Robust beans to twenty-nine growers for increase and 
trial. Twenty-one bushels of Elite stock seed of Duncan corn has 
been released to twenty-one growers; eleven bushels of M. A. C. Yellow 
Dent to twelve growers; eleven bushels of Golden Glow to twelve growers ; 
and in addition several bushels of these three varieties of corn were 
released through the Michigan State Farm Bureau Seed Department. 
Twenty pounds of the new Hardigan alfalfa was distributed to twenty- 
six growers. Forty-seven bushels of the new Berkley Rock wheat was 
released to twenty growers for increase and trial. Six bushels of the 
new Michigan No. 1 wheat was released to two growers for increase. 
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In the release of this Elite stock seed of these various varieties care- 
ful arrangements have been made to have it inspected to maintain its 
identity. - 

In taking over the work of inspection for the Crop Improvement 
Association a new system has been put into practice which follows the 
suggestions of the International Crop Improvement Association as re: 
ported at their third annual meeting at Chicago. 

The new system recognizes three classes of seed: Elite, Registered and 
Certified. The Elite and Registered will be the source of seed for seed 
production while the Certified will be the source of seed for crop pro- 
duction. By this system the farmers of Michigan are given a source of 
seed of superior quality and at a reasonable price. 

Applications for inspection on 393 farms have been received this year 
for Pedigreed seed, distributed as follows: 


Crop No. of Farms 
Engherctt Epyetan acs ar Reig ou a Pes ras pnocies <s bes Su owt Sod Be 72 
eeay Eee WV ONS aera sabe: nk bget- ceekond dike RG aees ears alte g sllanstal oaks 21 
PRMeEe iy EINE - WEA: ios shold: Scisioeitietetlos «id 243 cece s 8% 9 
LV CELETS Su Lem @ STLES Pie ges 2s PRP Ras eee a Pe POR ear a ee ae 63 
VIET ya ORR Ugh tor cela oh okt) < Shas tarot ta fares SAV «didi ddd ada gat 20 
Gollege Wonder Oats :......... nt Peet tt ee ee ea ee A 11 
aE ule GOSS, Cla be B vests says © Aaa he re Ae ecko Dore as So diacaee 3 
eae At oe Ol as ars Bi ott ee GaSe ae wae alee s tows ee 3 
iM rremmoiie Pediaree Barley: 'i.:c se sie atin owen asain o Go owes > me 3 
Ebert testy ALE Yona ars oie c So 2 )o.adel iv ads © o otalas Ste. <rs eos ghsss. os 11 
SVs TLL STS B42 9 |S uri eae epee ae ne car Pee Sr Par ee 3 
US GTTES TS Ate earch cated pp CIR pata e aN ara Con ahah weed Dae dae dees tute Bee 
PES OU pI ES hes cM rohan. sia eo Socio seis audicta. sc ccdeds as cad hos wore SAN Sas 60 
TREE NUS ESC ANUS oince 5. xis el ie asin. te Ser need a Uk Ree 21 
bari eam Adi ghey c.f. “iby. eae oh da aa eleva wie: aaa are 19 
ERMA MOV ERPs ote. k washes ss ac aren See Se 11 
PMCRECer CO Oblis Silat eee. Allee coh ae htdton tet ace et 13 
pal vers ener n@ curnrte a2 sto 24. 5. LER ee WOU sare sees 2 
a hieaI MOEN Pars hota ee) iy. Lith oe de oe Demat aera feats 6 
Colton Gio we Carty cit tis cara es, Ssh wil SN hate Sea ele es 10 
MEAS Cy Yellow: Went;Corm ies. ys oes ales Peas Soa, 1 


Crop Varietal Demonstration by D. F. Rainey. 


Usually only one variety demonstration of any crop is placed in a 
county. Perhaps of greatest importance is the establishment of alfalfa 
variety demonstrations of which thirteen have been planted this year 
and five in previous years. These serve a double purpose; first, showing 
the value of the variegated varieties over common strains, and second, 
the methods of obtaining successful strains of alfalfa. Beginning next 
year we hope to obtain data on the yields of these different varieties. 

To aid the farmers of Michigan to determine what place Hubam clover 
may occupy in our farming practices, 375 pounds of Hubam was dis- 
tributed in 15 pound lots. Usually an equal amount of Biennial White 
Blossom sweet clover was also sent so that the growth of the two 
clovers could be compared when growing under similar conditions. 
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Eight counties have soybean variety demonstrations containing seven 
leading varieties, planted this year, the object of such demonstrations 
being to determine the highest forage yielding variety for different sec- 
tions. Many farmers are unfamiliar with the different varieties and 
their habit of growth and these demonstrations furnish them with an 
opportunity to see some of the varieties growing side by side. Many 
Mammoth Yellow Soybeans are being sold yet they are one of the lowest 
yielding varieties in Michigan. 

The Robust field bean, which has consistently proved to be the high- 
est yielding variety at the Experiment Station, was used as a check in 
the three counties which conducted field bean variety demonstrations. 
The Robust again proved to be the highest yielding including those strains 
grown locally. 

Two oat and two barley varietal demonstrations were planted and 
and harvested this year. These demonstrations included the best varieties 
developed by the College as well as those grown locally. 

Five wheat varietal demonstrations were harvested this year 
and three more were planted this fall, one in each of the following 
counties: St. Clair, Shiawassee, and Monroe. These demonstrations 
include some of the best known wheats in Michigan and Ohio, as well 
as local varieties and new ones recently developed by the Experiment 
Station. 


REPORT OF EXTENSION WORK IN DAIRY HUSBANDRY 


BY H. EH. DENNISON 


The work of the Dairy Extension Specialists for the period closing 
November 30th has been carried on in conformity with the plan of 
work adopted July Ist. Cow Testing Associations, Pure Bred Bull Associa- 
tions and County Dairy Campaigns have received the greater part of 
the Specialists attention, but a considerable portion of time is necessarily 
given to judging and demonstration work at Fairs during the autumn 
months. Work of a miscellaneous nature must necessarily be handled 
from time to time. 


COW TESTING ASSOCIATION 


It is the opinion of the Dairy and Extension Departments that Cow 
Testing Association work is of prime importance in Dairy Cattle Im- 
provement in Michigan. Problems relating to better care and feeding 
and eliminating unprofitable cows are solved directly through this me- 
dium. It also serves as one of the most logical and effective agencies 
through which to attack the scrub sire problem. As a result of definite 
efforts on the part of the Cow Testing Association testers during the 
past five months, practically every Association in the State reports 100 
per cent pure bred bulls in its herds. 
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There were in operation on July 1, 1922, sixteen Cow Testing Associa- 
tions, as follows: 


Livingston County Co-operative Cow Testing Association. 

Lapeer County Co-operative Cow Testing Association. 

Western Allegan County Co-operating Cow Testing Association. 
Wayland County Co-operative Cow Testing Association. 
Wayne County Co-operative Cow Testing Association. 

Northern Van Buren County Co-operative Cow Testing Association. 
Oceana County Co-operative Cow Testing Association. 

Kent County Co-operative Cow Testing Association. 

Newaygo County Co-operative Cow Testing Association. 

Parma (Jackson) County Co-operative Cow Testing Association. 
South Van Buren County Co-operative Cow Testing Association. 
Emmet County Co-operative Cow Testing Association. 
Kalamazoo County Co-operative Cow Testing Association. 

Eaton County Co-operative Cow Testing Association. 

Calhoun County Co-operative Cow Testing Association. 
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Rives (Jackson) County Co-operative Cow Testing Association. 

There have been organized and started since that time ten new Associa-. 
tions, as follows: 

Berrien County Co-operative Cow Testing Association. 

Calhoun—Battle Creek County Co-operative Cow Testing Association. 

Cass County Co-operative Cow Testing Association. 

Ogemaw County Co-operative Cow Testing Association. 

Dickinson County Co-operative Cow Testing Association. 

Antrim County Co-operative Cow Testing Association. 

Genesee, No. 1 County Co-operative Cow Testing Association. 

Genesee, No. 2 County Co-operative Cow Testing Association. 

Macomb County Co-operative Cow Testing Association. 

North Eaton County Co-operative Cow Testing Association. 

As a result of the publicity given Association work through Dairy 
and Alfalfa Campaigns in October and November a number of new 
Associations are in process of organization in Clinton, Kent, Washtenaw 
and Ontonagon Counties. 


BULL ASSOCIATIONS 


Very little definite work has been done as yet to organize bull associa- 
tions. The limited number of men on the force and the great demand 
on them for the various lines of work has made it impossible to do 
very much with the bull association work. One Guernsey Association 
of three blocks has been formed in Presque Isle county and gives promise 
of developing into a strong organization. 

The Dairy and Alfalfa Campaigns conducted in Clinton, Kent and 
Washtenaw counties discovered over 300 men who are interested in 
getting pure bred bulls. Quite a large proportion of these men are 
interested in bull association work. Preliminary steps have been taken 
to put on pure bred bull campaigns in Lenawee and Oceana Counties. 
Developments in either case will depend on the activities of the local 
Breeders Associations. This work will be carried on through the Len- 
awee County Holstein Breeders Association, and the Oceana County 
Jersey Breeders Association, respectively. The plan is to sell to groups 
of breeders or associations home grown bulls of good individuality and 
pedigree. This system properly supervised will result in the inexpensive 
distribution of good bulls and will eliminate the undesirable features 
of commercial bull sale plan as carried on in many sections of the State. 


DAIRY AND ALFALFA CAMPAIGNS 


As indicated above, campaigns have been carried on in Lenawee, 
Hillsdale, Eaton, Jackson, Otsego, Cheboygan, Clinton, Kent and Wash- 
tenaw counties. These campaigns serve the double purpose of carrying 
dairy information to the class of farmers most in need of it and at the 
same time definitely locating areas and individuals most interested in 
Bull Associations, Testing Associations, community breeding, etc. Cam- 
paigns are scheduled for a number of counties during February and 
March. 

DAIRY TOURS 


Three Dairy Tours have been held during the period covered by this 
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report. These tours took the usual form of visits to five or six prac- 
tical dairy farms where up-to-date methods and equipment were used. 
The main topics were discussed “The Herd Sire”, “The Individual Cow” 
and “Economical Feeding”. Branch, Gratiot and Hillsdale counties 
were covered and considerable interest in better dairying resulted. 


BREEDERS AND DAIRYMENS MEETING 


Local and State Breeders’ Associations have shown considerable activ- 
ity during the past five months. Members of the Extension force have 
met with a total of twenty-four Associations during this period. The 
Dairy Extension program has been presented at these meetings, and 
the closest co-operation between breed organizations and the Extension 
force is making for rapid progress in general dairy work. 


PXHIBITS 


Exhibits have not played an important part in the program of work 
to date. Due to the rather extensive exhibit put on at the Michigan 
State Fair by the U. S. Department of Agriculture all efforts along 
this line were abandoned. Members of the Extension Department assisted 
with the Government exhibit during the State Fair week. One exhibit 
worthy of attention was staged in October at the National Dairy Show 
through the co-operation of the American Guernsey Cattle Club and 
the Extension Specialists. Five grade Guernsey females ranging from 
one-half blood to thirty-one thirty-seconds and one of the three pure 
bred bulls owned by the Leer Guernsey Breeders Association of Alpena 
County were selected by the Specialists as an educational exhibit to 
show the result of fourteen years of upgrading work through pure bred 
bulls owned in an Association. The exhibit was commented on very 
favorably by a large number of people and apparently was a success in 
every way. The American Guernsey Cattle Club financed the exhibit. 


JUDGING 


During the months of August, September and October a considerable 
portion of the specialists’ time is required in judging work at County 
and regional fairs. Twenty-four such shows were judged during the 
past season. In doing this work an attempt has always been made to 
make it as much of an educational feature as possible. In this sense 
the expenditure of time is possibly justified. 


MISCELLANEOUS 


Many lines of work not included under the above headings have 
received attention. Chief among these being the Boys’ and Girls’ Club 
camps and meetings where instruction was given along dairy lines to 
club members, community meetings, farm visits, ete. 


PERSONNEL AND ORGANIZATION OF FORCE 


The personnel of the Dairy Extension force has undergone some 
changes during the time covered by this report. Mr. J. A. Waldron 
was compelled on account of ill health to give up the work on July Ist. 
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The thorough, practical work done by Mr. Waldron during the last 
few years has made a very firm foundation on which to build the pres- 
ent extensive dairy development program. The present force is com- 
posed of H. E. Dennison, A. C. Baltzer, S. J. Brownell and J. G. Hays. 
Mr. Hays began work November Ist in the capacity of Extension Spec- 
ialist, but is employed jointly by the State Holstein-Friesian Association 
and the College. This arrangement was considered advisable beeause 
of the large number of requests for help at Holstein-Friesian meetings 
throughout the State. Mr. Hays, as a practical Holstein breeder, is cap- 
able of handling this work, and when not employed in this way is avail- 
able for general. Extension work. 

A recent plan to hasten and effectively carry out the dairy dereiog 
ment program calls for a division of the State into districts with a 
Specialist located in each district. The exact division of territory for 
each district has not been made, but it is planned to have a Specialist 
in each of the following centers: Kalamazoo, Jackson, Lapeer, Mus- — 
kegon, Saginaw, Ann Arbor, Marquette, and Grayling to look after the 
details of the work for the area comprising his district. This system 
will eliminate many of the difficulties caused in the past through, first— 
inadequate help, and second—distance of actual field operations from 
the Extension Specialists. It will also enable the Specialist to become 
definitely acquainted with his territory, its conditions and needs, and 
thus be in a position to attack those problems intelligently and effectively. 

Mr. Robert Addy, formerly in charge of the Allegan County Cow 
Testing Association, but more recently sales and advertising manager 
for Chapin & Company, will begin work on December 1st in the district 
including the counties in the southwest part of the State. Temporarily, 
at least, he is located with County Agent O. I. Gregg at Allegan. Negoti- 
ations are under way for men for other districts and as rapidly as com- 
petent men can be found these districts will be supplied. 

The Dairy Extension force recognizes the value of leadership in launch- 
ing and carrying out its present program. The vision of Prof. Reed in 
planning the program and his enthusiasm and support in carrying it 
through goes far toward the success of the work. 

The following table gives a brief summary of the work done along 
Dairy Extension lines from July 1, 1922 to December 1, 1922 


. : Attendance 
i Meetings | Attend- | Meetings A 
Projects at Meetings 
Attended ance Addressed iMadeensed 

Cow, Mesting. Association. ic osm ec oes ae ee ce eee eee 37 1,160 33 937 
BullAssociation 2: . cicc.rslseieto hoe ee ea a ries 7 228 7 223 
Breeders’ and Dairymen’s Association.............22c+sceeeeeceeeeeces 36 3,311 30 3,173 
Boys and (Girls Chiba: .-.cos'oc. nso cic oe clot eee cee oo serene 6 275 6 275 
MOmMmMaNi ty Ae eos lees Sa ee chee ee oe Ee eee eee 2 60 2 60 
OTN Cee ae ee nr a ere ieasinn Hel MSR pee. Sve OE SRO cid cl Noe a eel tosdobass tres tha acdc se 
Maritin \BuUreathse joe clots isms oie sevens ctl ASI eae IE he See ara Tee atom late ektaneate het oatercemtater: | ertrencteetemeea oes 
Marketi Mit oo5 5 i2vs-clore'e.s tunes sos: ola-ateye a ele epetaatece ele souk aete aie IIE ce Ean ota cll Sareea Sails | Cheparetes einicie | oetatecleei-ral erences 
General “Warmers and ‘Business: Men.) oon cee cos ee bene emenieaneees 4 396 4 396 
Dairy-and,Alfalfa,Campaigns...... os. fo. b nn ee eee 894 16,200 894 16,209 
Judging Comntyml alten: ssiceccs ss c.c vents «abe Pee one aes 77S ag oA Graal RO RSeE Te IA soa ie ae 
DUstOMMAira -firaeerenee he Chic Mlivins «Gale G2 Mule Cates SER eee ene NYS Phe rare dis los pieces Setened| Seite castes 
National-Dainy asbows saaects coperecicclsne ie ciate chon ae ees i I Ee a Oe ORE reat | nrpaee a Peds ne 
National fDairy./SHowss fSaastins sees ne ovis ba eee een Ean eee 3 1 fia] ARR Real lant ae eee aA 
aang 2 Fcc tee Roe heen G die cone cen Since eee Eee 7 222 6 150 
Harmers a) Day—U.oP seers. ct vtec ha cc Role. Dolan AOE EEE eee 6 3,050 6 3,050 
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REPORT OF EXTENSION WORK IN ANIMAL HUSBANDRY 


BY VY. A. FREEMAN 


Animal Husbandry Extension work had been carried on in Mich- 
igan previous to June 30, 1922, under a project entitled “Live Stock” 
and a sub-project entitled “Sheep Husbandry”, but no Extension Spec- 
ialist had been engaged in Animal Husbandry work for several months. 
Since July 1, 1922, a project entitled “Extension Work in Animal Hus- 
bandry” by means cf specialists has been effective. The work was 
started by the undersigned July 14th. Only the one specialist has 
yet been employed for the various phases of work covering beef cattle, 
sheep, swine, and horses. 

Excellent co-operation has existed between the work by the Extension 
Specialist and the extension work done by the regular teaching and 
experimental staff of the Animal Husbandry Department of M. A. C., 
exchange of work often having been arranged to improve schedules. 

Replacement of scrub bulls, boars, and rams with purebreds of cor- 
rect type has been attempted, and will be continued the coming year. 
Hog feeding methods leading to economy of production and suitable 
feeds to supplement the home grown supply as well as the importance 
of minerals have been brought to the attention of hog raisers. The recent 
development of “baby beef” production makes training for its manage- 
ment and feeding imperative and work along this line will be attempted 
soon. 

Ultimate state goals might be expressed in having every breeder of 
horses, beef cattle, sheep or swine use nothing but purebred sires of 
good type and individuality; in having all breeders and feeders using 
the most economical systems of management consistent with quality 
production and adapted to their particular conditions; in education 
of feeders and furnishing guides so they may be able to select for them- 
selves supplementary feeds for an ever changing market that will most 
economically supply the nutrients and qualities lacking in their home 
grown supply of feeds; in developing a study of markets so that meat 
production may be of a quality and type that meets the consumers’ 
demand with as much spread as possible between selling price and cost 
of production. Within the next year the number of swine producers 
making the maximum use of pasture, keeping suitable minerals before 
their animals throughout the year, and economically supplementing his 
rations should be greatly increased. 

The number of shepherds dosing their sheep and lambs regularly for 
stomach worms may be doubled or tripled. Other lines of work are 
likely to be more or less general unless additional specialists are added 
to the force. 

The work that has apparently accomplished most has been through 
local meetings held in the yards or barns on farms where meetings have 
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previously been arranged and advertised by county agents. There has 
also been considerable interest in selection demonstrations with the live- 
stock judging at county fairs. This interest seems to be on the increase 
and will do much to fix correct type in the minds of beginners and 
breeders that do not get out to the larger stock shows. County breed 
associations are a great aid in extension work. 

The greatest factor in putting across this work has been the work of 
county agents. Practically all meetings and demonstrations have been 
arranged by them or in co-operation with them. Some time was spent 
in training Boys’ and Girls’ Club Members in live stock judging in co- 
operation with club leaders. 

Considerable time has been spent recently in working up material for 
an extension bulletin on Swine Feeding. 

From the U. 8S. Department of Agriculture assistance would particularly 
be appreciated along the line of methods of extension that have proven 
successful elsewhere. Much literature has been available to me which 
is greatly appreciated and any personal help will be gladly accepted. 


REPORT OF EXTENSION WORK IN HORTICULTURE 


BY T. A. FARRAND 


The more important lines of work followed during the season of 
1922 were: Ist, general orchard and fruit fertilization, with demonstra- 
tions and experiments as to its economic use in fruit growing. 2nd, 
Spraying for the control of insects and diseases. 3rd, Pruning in which 
case a large number of field meetings were asked for and held. Along 
other lines a few grafting demonstrations were asked for in the Upper 
Peninsula, top-working some undesirable varieties into sorts better 
adapted to that section for market purposes. 

Some very important work was done in making surveys where grapes 
and other fruits were being ‘planted in relation to sites, elevation, etc., 
to avoid continuous losses from low temperatures in winter months and 
also to lessen the danger of damaging frosts in late spring and early 
fall. A plant disease survey of raspberry plantings was made in Van 
Buren and Berrien Counties. The party was made up of specialists 
from departments at Washington, Michigan Agricultural College, County 
Agents, representatives from the canning industry, and a large number 
of growers. 

The conclusions reached after this survey were: 1st, the disease con- 
ditions were such that the life of the red and black raspberry industry 
in Michigan was threatened. 2nd, the extension service should assist 
and, if necessary, formulate such plans as would help eradicate the 
diseases. 38rd, The extension service should stimulate interest in better 
cultural practices through fertilization, cover crops, and a general soil 
building program, because observations indicated that many plantations 
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were suffering from a lack of plant food and not disease. A suggested 
plan which appears workable, is an organization of raspberry growers 
with the object of growing certified plants as free from disease as 
is possible through a very systematic rogueing, destroying the dis- 
carded plants. This work to be done not alone with the object of grow- 
ing healthy plants for sale, but also to aid in saving and making the 
plantation more profitable for a longer time. To carry out such a pro- 
gram would require a large amount of assistance. 

With the rapid dev elopment of the apple industry in practically all 
parts of the state, and with its success in the future in view, the question 
of a standard list of commercial varieties and its general adoption in 
planting is most important. With the co-operation of the Executive 
Board and Horticultural Committee of the Michigan State Horticultural 
Society and the members of the Horticultural Department at the College 
a standard list was agreed upon. This list must be sold to the growers 
of Michigan and adopted, as it is one of the most important factors 
in successful marketing. An illustration of this point was given in 
the ‘past season when the writer was called upon and, in attempting to 
help out, took a buyer to a fruit section with a fruit exchange. The 
buyer asked what varieties they had. The manager said, “Oh, we have 
fifty-seven varieties”, and the buyer lost all interest. These conditions 
are general. 

The writer, with officers of the State Society, attended the annual 
meeting of the National Nurserymen’s Association, presented and dis- 
cussed a plan with them regarding the possibility of certifying stock 
true to name. This, if worked out, would be of unmeasureable value 
to both growers and nurserymen and should be made National in its 
scope. 

It would seem a wise and economic line of work to advocate the top- 
grafting of the thousands of Duchess apple trees, including several unde- 
sirable kinds that are grown in many of the northern counties, into 
some one or two of the standard commercial winter varieties best adapted 
to those sections. The past season’s experience with thousands upon thou- 
sands of bushels of Duchess apples produced for which there was no mar- 
ket was disastrous. There have been other years with the same experience 
in the past, and no doubt there will be more in the future, because this 
variety comes on the market at a season of the year when there is 
competition from all other kinds of fruits and also with later varieties 
of apples of higher quality produced in more southern sections. 

Interest is increasing rapidly in methods of common storage and also 
in some type of artificial storage adaptable to the larger orchards ag, well 

as to use in towns and smaller “cities. Some method of handling the fruit 
is necessary to avoid forcing the apples on to the markets all within 
a small period of time. 

Interest is increasing in the irrigation of small: fruits of all kinds. 
There is practically no information as to profits per acre from the in- 
stallation of such systems and the problems arising with the rapid 
development and expansion of the fruit industry in the state are in- 
numerable. 

The following is a brief outline of the more definite projects worked 
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on and some comparison is offered as to the results and interest in them. 
The general orchard and fruit fertilization project created more interest 
among the fruit growers than the combined activities of all other lines 
of extension work in fruit growing. The results from the experiments 
and the large number of demonstrations put on in connection with them 
proved unsound. The splendid co-operation of the county agents in 
placing the demonstrations and in getting a few records and a large 
amount of observation from them, reinforced by the records from the 
Experiment Station was the dominating factor in creating interest. 
From these results, the use of commercial fertilizers has narrowed down 
to the application of nitrogen, either in the form of nitrate of soda 
or sulphate of ammonia, with a very large percentage being used in the 
form of sulphate of ammonia. The demands for information along these 
lines before the growing season commenced was constant and by May Ist 
the supply of all available nearby nitrate of soda and sulphate of ammonia 
was exhausted. Much more would have been used if it could have been 
gotten in time. A few reports of county agents are included showing 
these results. : 

Pruning: There has always been more or less interest in this prac- 
tice and we are fortunate today in having a standard system of pruning 
generally adopted throughout the country. Research work throws some 
light on the problem, and this phase of the work was emphasized in 
field and lecture meetings. The general practice of over-pruning young 
apple trees which has been followed was headed off, recommending a 
light system of pruning and more fertilization as an economic practice. 

Spraying demonstrations were put on in relation to spraying and 
the necessity of thorough spray practice was most strongly emphasized. 
Knowing that this is the one strong connecting link between success 
and failure in orcharding, no opportunity was lost at any lecture or 
field meeting to drive home the necessity of this important practice, 
giving the latest up-to-date recommendations from the Experiment Station. 
The writer is convinced that a very large percentage of the failures 
in controlling destructive insects and diseases is due to the carelessness 
and lack of doing rather than to a lack of knowledge. Many interesting 
meetings were held where spraying experiments were being carried on 
in which the standard sprays were being compared with some newer 
practices. The standard sprays, as recommended, demonstrated their 
value in the perfect control of the disease or insect for which they were 
applied. In most instances, where losses do occur it is not a question 
of demonstrating, spending a large amount of time putting on spraying 
demonstrations, but it is rather a question of hammering in what the 
‘growers already know. In the case of some insect, hard to control, 
proving destructive in some new area, then it is advisable to put on 
thorough spraying demonstrations as in the case of the grape berry 
moth control in Van Buren County vineyards. 

The demands for assistance at Extension Schools and other organiza- 
tion meetings were far in excess of the number that could be cared for 
even though other members of the staff in the Horticultural Depart- 
ment assisted in doing Extension work, attending both lecture and field 
meetings during the summer. The attendance, etc., is not included in 
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this report. The number of demands for lecture meetings ranks first, 
then follows the field meetings and demonstrations and last, the field 
meetings, auto tours, etc., visiting demonstrations and many orchards 
which showed the results of practices as applied by the grower, as well 
as visits to the experiment station which showed the progress of interest- 
ing experiments. 

The writer attended 45 field and demonstration meetings, visiting 
415 farms with an attendance of 1,780, and 93 lecture meetings 
with an attendance of 1,140. All the different types of meetings are 
important in their season and the demand for them is greatly increasing. 

Briefly, Michigan, as a fruit state, occupies first place in its acreage 
of cherries and small fruits, and it is well up in the front row in tree 
and other kinds of fruits which are rapidly increasing. This expansion 
of acreage in fruits, together with the problems previously mentioned 
in this report, clearly indicates the necessity for a program of extension 
activities, backed iby a strong research program which required a num- 
ber of trained men to give even a part of the service required to keep 
pace with the problems. 


REPORT OF EXTENSION WORK IN POTATO IMPROVEMENT 


BY J. W. WESTON 


The object of the potato project is to increase net profits from potato 
growing by elimination of waste in production and by securing the ad- 
vantages of marketing a standardized quality table stock and certified 
seed stock product. 

The 1921 reports show. that of 42 counties reporting, 3,732 farmers 
treated seed potatoes for disease control, involving 13,720 acres; that 
1,902 farmers sprayed potatoes on a total of 10,073 acres and that cultural 
methods were changed on 1,648 other farms including 7,332 acres. 

The 1922 reports show that 56 counties reporting 4,924 farms, treated 
seed potatoes for disease control involving 22,170 acres, an increase of 
64% over that of 1921; that 2,201 farmers sprayed potatoes on a total 
of 10,731 acres, and that cultural methods were changed on 2,304 other 
farms including 12,443 acres; covering (1) hill selection, (2) fertiliza- 
tion, (8) correct spacing, (4) correct planting dates, (5) farm manage- 
ment practices. This means that only 6% of the acreage of potatoes was 
planted with treated seed and less than 3% of the acreage was sprayed 
with Bordeaux Mixture. 


USE OF IMPROVED SEED 


1,585 farms introduced Michigan Potato Producers’ Association cer- 
tified seed to the extent of 64,168 bushels. 1,893 acres planted with 
certified seed gave an average increase of 41 bushels to the acre as 
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compared to seed formerly used. There is usually used in Michigan 
at least three and one-half million bushels of seed each year for planting, 
indicating that less than 2% of the seed planted is from certified or 
selected seed stock. The state average yield for ten years is only ninety 
bushels per acre. An increase of 41 bushels per acre would mean a 
state average of 131 bushels per acre providing good seed was used by 
all. <A total of 64,168 bushels of certified seed would plant 6,417 acres 
yielding 840,627 bushels of good seed capable of planting 84,063 acres 
in 1923 of 24% of the state acreage. 


SPRAYING 


Spraying demonstrations were conducted in 56 counties, seven counties 
had 21 organized spray rings, containing a membership of 94 farmers 
and 64 high pressure (175 Ib.-200 1b.) sprayers were introduced by 
County Agents for controlling insect and foliage diseases. Thirty-two 
farms, reporting spraying tests with checks, show an average increase 
in yield of the sprayed over the unsprayed of 57 bushels per acre at a 
total cost of $9.48 per acre for an average of five sprays. This cost in- 
cludes cost of materials, labor, depreciation, interest, etc. The require- 
ment of the Michigan Potato Producers’ Association, that all parties 
applying for inspection must spray effectively, has resulted largely in 
establishing the practice. Every farmer reporting that sprayed for the 
first time this year, is converted to spraying. 


FERTILIZATION 


Fertilizer demonstrations to increase quality yield, and net return 
per acre were held in 12 counties. The standard demonstration included 
a high test fertilizer containing a high percentage of Potash and Acid 
Phosphate. Ten counties had 25 planned demonstration plats, show- 
ing an average increase in yield, in the fertilizer over the unfertilized 
plats of 45 bushels per acre. An average application of 400 Ibs. of 
fertilizer was used on the majority of plots. 


HILL SELECTION 


The practice of hill selection of potatoes at digging time is of special 
importance to the interested and experienced potato grower. ‘Two 
farmers report results of last year’s selection as follows: 

A one acre seed plat planted with hill selected seed yielded 452 bushels 
per acre. Ten acres in balance of field, planted with field run seed, 
yielded 290 bushels per acre. Another report gave 190 bushels per acre 
from hill selected seed and 114 bushels per acre from field run seed stock. 


STRAIN TESTS 


A strain test of seed from one source distributed to 50 different farms 
in 16 different counties gave very interesting results. The yields have 
varied from a high point of 325 bushels per acre to a low point of 155 
bushels per acre with an average of 238 bushels per acre for all. The 
range of 170 bushels per acre in yield is due to spraying, favorable soil 
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conditions and better cultural methods. In this case we have a quantity 
of seed with a known parentage, and common origin, but grown under 
many and varying conditions that would tend to prove that with good 
seed, sufficient fertility, proper spraying, and with soil in good physical 
condition, yield can be fairly well stabilized. 


SEED TREATMENT 


Proper seed treatment of potatoes is one of the requirements of the 
Michigan Potato Producers’ Association. Through the influence of 
this organization, the practice of spraying increased to the extent of 
64%, in 1922 as compared to 1921. The practicability of spraying has 
been fully demonstrated, but as yet only 6% of the acreage in the state 
is sprayed. 


TIME OF PLANTING 


Demonstrations of time of planting Irish Cobblers were conducted 
in the northern part of the state, to determine the dates best suited to 
plant Irish Cobblers in order to get the best results in production of 
stock for seed. The 1922 results would not conclusively establish a 
practice. However, for the season of 1922 the dates giving best results 
on time of planting were between June 5th and 18th, considering largest 
yields and greatest amount of marketable tubers. 


DISTANCE OF SPACING 


Several demonstrations on distance of spacing were carried on in order 
to increase yields and decrease oversized tubers. Results with Irish 
Cobblers indicate that hills 12 inches and 18 inches apart in rows 35 feet 
apart, gave the largest total yield. The 12 inch spacings, however, had a 
large number of small potatoes, while the 24 and 30 inch spacings pro- 
duced fewer potatoes and a number of over-sized unmarketable ones. 


FARM MANAGEMENT STUDIES 


The best place for the potato crop in the rotation is generally conceded 
to be after a legume crop, especially alfalfa, sweet clover or common 
clover. The preparation of this land brings in the question of time 
of plowing—fall plowing ys. spring plowing of sod on heavy sandy loam 
soil. The increase of the fall plowed plot over the spring plowed plot, 
of two acres each, resulted in a 50 bushel increase, or 25 bushels per 
acre. 


PARENT SEED FARMS 


Three farms have been selected for starting the work next year, under 
the parent seed farm project, one farm taking a carload of White 
Rurals and two farms taking 125 and 75 bushels respectively of Irish 
Cobblers. 


REPORT ON ACTIVITIES 


The potato program for the state was projected through 25 lecture 
meetings in the spring with an attendance of 922 people. The field meet- 
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ings were held at 179 field demonstrations with an attendance of 3,850 
people, while 280 farm visits were made where the owner had either 
demonstrations or the field showed something of merit or was strikingly 
abnormal. In these field meetings attention was brought to weak or 
diseased plants that should be removed from the seed plot. The type 
of plant growth and the shape of the tuber desirable to save for seed 
purposes was pointed out. 

The Extension Specialist selected hills from farms of the best growers, 
showing particular vigor, freedom from disease and of good varietal 
type. These hills will be taken to the Experiment Station and increased 
by the Plant Breeder and Plant Pathologist in co-operation with the 
Extension Specialist. The increase will be selected for type vigor and 
freedom from disease. 


REPORT OF EXTENSION WORK IN POTATO SEED CERTIFICA- 
TION AND CULTURAL PROJECTS 


BY H. C. MOORE 


Forty demonstrations were conducted in co-operation with the County 
Agricultural Agents. These demonstrations showed the value ef seed 
selection, spraying, seed treatment and the use of common fertilizers 
in bettering the quality of the potatoes and increasing the yields. 

1,020 acres of potatoes were inspected for certification in 1921; 654 
acres passed the inspection and were certified. Approximately 81,400 
bushels of certified seed potatoes were sold.at a premium of’ approxi- 
mately 75 cents a bushel over U. S. No. 1 table stock. The inspection 
and certification work has benefited the potato industry of the state 
by making available for Michigan growers seed stock of high yielding 
strains, free from varietal mixtures and comparatively free from disease. 
Furthermore, the good cultural methods followed by growers of cer- 
tified seed serve as demonstrations to other growers. In 1922, 3,196 acres 
of potatoes were listed for inspection. 2,429 acres passed the inspections 
and were certified. The average yield per acre of fields that were 
certified was 166.8 bushels. Michigan’s estimated average yield 
per acre of potatoes for 1922 was 104 bushels. Forty-eight counties 
undertook the inspection and certification of seed potatoes in 1922. 
There will be offered for sale during the season 1922-1923 approximately 
270,000 bushels of certified seed potatoes at a premium of approximately 
60 cents a bushel over U. 8. No. 1 table stock. 

The inspection and certification work has stimulated an interest in 
seed treatment, high pressure spraying, better seed, ete. 

To compare Michigan certified seed potatoes with seed from other 
sources, over 1,000 bushels of Michigan certified seed were placed in 
tests in southern Michigan, Iowa, Indiana, Illinois, Ohio and Pennsyl- 
vania. In each test the Michigan certified seed and the seed with which 
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it was compared were grown under the same soil and cultural conditions 
and accurate records of the yields were secured. 
The following table gives a summary of the results secured: 


Average increased yields 


State No. of Records per acre secured by 


e Secured Michigan Certified Seed 
Southern diohigans 455 sce tert de ic, ae Ito oe aA oe eens aaen. ees ene tarens 11 40 
WY My ar eee aerate abet ote ne cha hay ee oe oesie ale oie sleia’ Moesiotanere Sinteye oslerses Gers atle weet 61.2 
Line Perit ag br Be Be Sea rat ae RR a Ripe et oie fa ae eae ge 21 63 
Cre Be oa ee SRS See, COREA Eee ee SEER. Sener Serer 478 Se 69 42.8 
WUT ae deer GR OSOEO OE cS En: DO Sane et ac OMMCE aaa rat Miser 61 44 
LENDS A\ EINE See SOO REPS aoirh tae oa ARO oe IS C aoe erent ere eo eee 65 68.5 


In order to test the yield qualities of the various lots of potatoes 
planted for inspection, 131 strains of Russet Rurals and Green Moun- 
tains were secured from growers who applied for the inspection work 
and were planted in a demonstration plot. The yields varied from 368 
bushels per acre for the best strain to 108 bushels per acre for the lowest 
vielding strain. Work with these strains is being continued in 1922. 
Two hundred and forty other strains of potatoes have been planted 
this year in a similar test, the data on this test, however, are not yet 
tabulated. 

A yariety test demonstration consisting of 29 varieties planted at the 
Michigan Agricultural College showed that the Russet Rural or Late 
Petoskey was the best late variety and that the Irish Cobbler was the 
best early variety. 

The following is a statistical summary of the work done between July 
1, 1921 and November 30th, 1922: 


Tita number: Of Demonstrations: i. .jece ces aise so siere sins cea AT 
RTD ERTIES S299 C75 CE creed et eh a eee ago oS a aE Ee 641 
Meestines: Held: at Memonstratious: < cj.-a.:8 ears See 56 nals aiese’s Al 
Attendance at such meetings ............. io toager oe Pe 674 
DRC ee RUCECEM Sc oats ore lecss es hase le shed acahs, ee Sand Mei ahes Has oes 62 
A Lend CEC AE WECLUTCR cea cactals ) aycacie sane apo b siw'e\'2, ce Sas i GLO 


REPORT OF EXTENSION WORK ON UPLAND SOILS 


BY GEO, GRANTHAM 


The Extension Work in Soils is divided into two divisions, namely, 
first, the work done in the field during the growing seasons which 
includes field demonstrations and field meetings on the same and, sec- 
ond, the extension schools held during the winter months of January, 
February and March. 

The extension schools are given over largely to discussions of those 
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problems which are brought up by farmers and the discussions of indi- 
vidual problems in soil management. Lime drives consist of meetings 
to discuss the liming situation, with special emphasis placed on the 
Soiltex soil acidity method. Demonstration work with the use of dif- 
ferent amounts of limes are carried on. 

The results of fertilizer on various soils and crops as brought out by 
experimental work forms a basis for phases to be emphasized. 

The ultimate goal in the above projects is to have more farmers in 
each community to practice the methods advised. 

The most successful method of teaching the subjects is at field meetings 
where results of demonstrations can be discussed. Simple soil tests in the 
field also afford good methods of bringing about results. 

The County Agent is a very vital factor in keeping before the farmer 
soil management methods, as well as assisting in demonstration work. 

Results from demonstrations are gratifying and their success toward 
the state goal is as much as could be expected. ‘Some extension schools 
which are scheduled in connection with entertainments scarcely warrant 
the time and expense necessary to carry them on. However, where 
regular extension meetings are scheduled good results have been ob- 
tained. 

The use of the Soiltex soil acidity method in community gatherings, 
obtaining lime requirements and the extent of acid soils in the commu- 
nity, serves as an illustration of the method employed. 

The amount of miscellaneous and emergency work carried on during 
the year cannot be estimated. However, this is no small part of the work. 

The demonstrations now under way will be carried on for the next 
year. Special emphasis will be placed on lime drives. 


REPORT OF EXTENSION WORK ON MUCK SOILS 


BY PAUL M. HARMER 


Outline of Work 


The extension work on muck soils in Michigan for the year 1922 has 
been conducted by the writer. One-fourth time is assigned to extension 
work, one-half to experimental and one-fourth to the teaching of a 
course in Muck Soils. 

The extension work as now conducted falls into five separate phases. 

1. Work with the county agents and farmers. Whenever county 
agents or farmers are confronted with problems in the farming of muck 
and ask for assistance, it is given either by letter or, if necessary, by 
a personal visit to the area. 

2. Field demonstrations and field meetings. The field demonstration, 
generally located through the county agent, is a means of carrying to 
the community information on cultivation, cropping and fertilization: 
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of muck soils. Wherever satisfactory results are secured a field meeting 
of the neighboring farmers is held sometime during the summer. 

3. Winter mectings. Wherever it is considered advisable or requested 
either by county agents or farmers, winter meetings of the muck farmers 
are held in different localities, at which places the results of the pre- 
vious year’s work are discussed and plans made for the coming year. 

4. Michigan Muck Farmers’ Association. This association, with a 
membership of approximately 1,800, holds one or two meetings each year. 
The writer is secretary of the association. The winter meeting held at 
East Lansing, January 31 and February 1, 1922, had an attendance of 
85. 

5. Muck Farmers’ News Letter. At intervals during the year mime- 
ographed letters on timely subjects pertaining to muck farming are 
sent to all muck farmers on our mailing list. At present this numbers 
around 1,800. 


DEVELOPMENT OF MUCK FARMING IN MICHIGAN 


The total area of the muck and peat soils of Michigan is estimated 
‘at between 3,000,000 and 4,000,000: acres. The value of this land varies 
from practically nothing up to $1,800 per acre, the variation being due 
‘to the extent of reclamation, coupled with a highly developed intensive 
system of truck farming on the muck in certain sections of the State. 
A majority of owners of uncultivated mucks are ignorant of the possi- 
bilities of the muck for the crop production. Of the total area of organic 
soils in the state probably not more than three to five per cent have been 
reclaimed by even slight drainage. Little has been done in the develop- 
ment of the soil on a large proportion of these reclaimed areas. Consid- 
erable is being used for wild hay or pasture, but, generally with both, 
yield is low and quality poor. Many times these idle muck areas are 
surrounded by fertile upland soil, often lying adjacent to the farmstead, 
and in that way lowering the value and injuring the appearance of 
the farm. Where a high development of muck farming has been reached, 
very good returns are secured, values of $800 to $1,000 per acre from 
such crops as celery and onions not being uncommon. 

A higher,percentage of failures occurs in the farming of Michigan 
muck and peat lands than is true in the farming of any other type of 
soil. This is due to the fact that the problems confronting the muck 
farmer are decidedly different and harder to overcome than those met 
with on mineral soil. Sufficient drainage, without excessive drainage, 
must be secured, and proper cultural methods must be adopted before 
crops can be produced. Danger of summer frosts and winter killing, 
the chemical composition of the muck, high or low lime, and market 
demand must be considered in the selection of crops to be grown. As 
the natural fertility of organic soils is generally depleted after a very 
few crops have been grown, fertilization of the muck soon becomes an 
important factor in crop production. 

The area of muck in the State now used for the production of celery 
has been placed at 3,500 acres, of which 3,000 acres is used for commercial 
growing. A considerable area also is used for the growing of mint. 
Both of these crops have a limited market demand. At the present 
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time there is a considerable overproduction of mint oil resulting in a 
market decrease in price. Until further work has been done on the 
storage of celery for winter and spring market, any large increase in 
celery acreage would likewise result in rendering celery growing unprofit- 
able. Because of these facts, the tendency in the extension work with 
muck soils during the past season has been to direct the prospective 
muck farmer toward a system of diversified farming, with a selection 
of crops which are in general demand, adapted to muck soils and which, 
at the same time, are able to withstand without injury, a considerable 
amount of frost. Special emphasis has been placed on proper fertiliza- 
tion, the rate of application per acre also being considered in the ar- 
rangement of the plots for 1922. 


REPORT OF EXTENSION WORK IN INSECT CONTROL 


BY.J. H. HARMAN 


On May 10th, 1922 the writer took up his duties as Extension Specialist 
in Entomology. 

Since that time the aim has been to give the farmer and grower all 
possible assistance in his fight against his insect enemies. This has 
been accomplished by means of demonstrations and advice setting forth 
the use and application of sprays and dusts, and adopting other remedial 
measures. 

Demonstrations have been carried on concerning the peach-tree borer, 
flat-headed apple tree borer, grape-berry moth, pea-louse, codling-moth and 
chinch-bug. 

The county agents contributed toward the success of all demonstra- 
tions, through publicity, lining up the farmers likely to be benefited, 
and lending personal assistance. 

The great majority of all demonstrations were purely emergency work. 
The outstanding illustration is that of the fight against the chinch-bug 
in the southern part of the State. 

About the seventeenth of July, 1922, we were called upon by the 
county agent of Monroe county, to assist him in the fight against the 
chinch-bug. The writer with two assistants went over the situation 
taking into consideration the type of soil, general location, and intensity 
of infestation. The local newspapers co-operated to the extent of pub- 
lishing directions for measures of control, also announcing the time and 
place of demonstrations. 

The first demonstration was launched near Monroe to which were 
invited farmers of the immediate vicinity. Actual operations were car- 
ried on and the tar and dust barriers were laid down halting the advance 
of the insect. After the demonstration, the three of us scattered over 
the county, selecting sites suitably located so that the entire county 
Was covered in six demonstrations. These created considerable enthusi- 
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asm enabling those who witnessed them to repeat operations on their 
own farms and at the same time to show their neighbors how it was 
done. Demonstrations were also carried on in Lenawee and Branch 
counties, 

Exhibits displayed at the State and small county fairs were com- 
posed of miniature models showing methods of control for different 
insects, cages containing living specimens, also photographs of actual 
field operations were displayed. The writer answered many inquiries 
regarding farm, garden and household insect pests. 


REPORT OF EXTENSION WORK IN APICULTURE 


BY EDWIN EWELL 


The educational program of the Extension Specialist has consisted 
of many personal interviews with beekeepers; participation in a series 
of “beekeepers’ schools” in thirty counties, each school lasting two days; 
local meetings held in various counties at which demonstrations were 
given whenever possible; and automobile tours which offer one of the 
most desirable methods of demonstration. The tour is advertised in 
advance by the officers of the county associations and beekeepers assemble 
at the starting point with their automobiles, visiting a series of apiaries 
during the day. Each apiary as visited is examined by the entire party 
and demonstrations made of the treatment of diseases, requeening, 
making of comparison of various apiaries, the beekeepers in attendance 
recognizing superior methods of manipulation and the advantages of 
using up-to-date equipment. At the same time discussion of problems 
and manipulation helps to discover the individual needs of beekeepers 
in the party. Proper methods of manipulating supers, care of the honey 
crop and its preparation for market were given much attention; the 
proper manipulation of new swarms and reasons for swarm control 
were also stressed. 

Exhibits were displayed at four fairs: Detroit, Saginaw, Bay City and 
Midland. Opportunity was presented to meet a large number of bee- 
keepers in each case. The College exhibit consisted of samples of honey 
from various sources, mounts of honey plants, wall charts and samples 
of foulbrood, all of which excited much interest. In fact it was necessary 
to give an almost continual lecture during each day of each fair. Oppor- 
tunity was presented to make plans for Extension work among new 
prospects. It has been our policy to instruct beekeepers regarding bee 
diseases and to encourage each beekeeper to become expert in its detec- 
tion and treatment. Inasmuch as disease is spread throughout the Lower 
Peninsula with the exception of the northern tier of counties, it is hoped 
that in each community at least one or two men, having become expert 
in handling disease, may serve as leaders in influencing others to adopt 
better methods. 
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Work done in five counties in the Upper Peninsula indicated a won- 
derful opportunity for the development for the beekeeping industry 
there. Although there are few commercial beekeepers in the Upper 
Peninsula at the present time there are many beginners. Large areas 
of clover, raspberry, fire-weed, golden-rod and other honey-plants pro- 
duce annually a large quantity of nectar which goes to waste for lack 
of bees to gather it. Although the winters are long and cold, large 
quantities of snow and a steady temperature enable the beekeeper to 
winter his bees successfully, if proper care is given. 

Since the Upper Peninsula is at present free from disease, “Clover- 
land” is becoming very attractive to beekeepers. 

The increase in acreage of sweet clover throughout the state is assisting 
beekeepers generally since raspberry and other nectar sources from wild 
plants are becoming fewer. 

Through the co-operation of large numbers of County Beekeepers’ 
Associations, and of the County Agricultural Agents, it is becoming 
possible to reach more and more beekeepers each year. Several county 
beekeepers’ associations have definite schedules for meetings for the 
year, the plan providing for from two to five meetings, most of which 
are held during the summer months. The interest exhibited by these 
County Associations depends largely upon the officers in charge. How- 
ever, there is a growing feeling that co-operation is beneficial to all and 
that the County Beekeepers‘ Associations offer the best means to this 
end, both educationally and commercially. 


REPORT OF EXTENSION WORK IN DRAINAGE AND 
HOUSEHOLD ENGINEERING 


BY O. E. ROBEY 


Household Enginecring 


The work in household engineering has consisted of holding demonstra- 
tions in septic tank construction and furnishing plans for various 
household conveniences, also attendance of meetings where household 
conveniences are discussed. 

A “knock down” form has been developed to be used by County Agents 
in their counties. This form is so constructed that it can be easily 
removed without damage and can be used by a great many people 
in the same county. It greatly simplifies septic tank construction. Three 
counties have been provided with the forms. 


Drainage 


Drainage extension work has consisted of making drainage surveys 
and providing plans for drainage systems. A drainage campaign was 
put on in Sanilac county according to the plan submitted last year 
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and has proven quite successful. A series of meetings were held during 
February and March to bring before the people the value of drainage, 
as a result 22 farmers asked to have drainage plots of various sizes 
ranging from 7 to 25 acres put in on their farms. Also 68 farmers asked 
to have their farms surveyed for future drainage systems. Five dem- 
onstration meetings have been held in the fields which were attended 
by about 240 people. Publicity articles were run in the County papers 
regarding the work. 

Surveys have been made on 28 farms comprising 2,240 acres and 
visits made to 25 other farms where sugestions have been made. Nine 
demonstration plots comprising 147 acres were drained. These plots 
required 6,000 rods of ditch and practically twenty carloads of 100,000 
tile. The work was delayed owing to our inability to secure the services 
of a tiling machine when desired, also the coal shortage delayed delivery 
of tile. Much more work could have been done as there were several 
other applicants. 

While the work was not as successful as it might have been, under 
more favorable economic conditions, yet when it is remembered that 
this county in previous years put in scarcely a carload of tile in intensive 
farm drainage, a start at least has been made in this much needed farm 
practice. 

Thirteen days were spent in testing the tile of the various manu- 
facturers of the state. Many interesting points were brought out by 
this test which will serve as a basis for future study. 


Summa ry 


No. of days spent in office............ HAA OB: 90 
Notof days spent on-tile testing... 502. S208 2. 138 
No. Demonstration meetings held........ Rips Ns, 
INES O aCe eet ters. Sars eel ede nape Alaa eka he 457 
ING; hectare meetings helde. 2st. elas, oe 39 
No. attendance ...... Lea ais BP ope Coke Bae Ren oie 2572 
ING? Of Farms-visiied: ie ota. Pe. Seas ee hPa Ae 213 


REPORT OF MARKETS AND RURAL ORGANIZATION 
EXTENSION SERVICE 


Hale Tennant—Director. 


Gifford Patch, Willard Cribbs—Assistants. 


Rural organization and Marketing extension work in Michigan, during 
the year ending December 31, 1922, was of the same type and character 
as the four years preceding and was based entirely on the theory that 
permanent assistance to farmers, in organizing their industry, can only 
be brought about by the establishment of substantial, self-supporting farm 
organizations, in which the farmers carry all the responsibility. 
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No patronizing attitude is assumed toward Agricultural organizations 
in any respect and no actual marketing service is contemplated. Special 
attention is given to the continuous maintenance of farm control in 
co-operative institutions and careful study to the sociological factors, 
incident to the development and holding of local leaders capable of 
carrying full responsibility for marketing undertakings. Farmers are 
given to understand that efforts in co-operative organizing are their own 
efforts and not, in any sense, promotional institutions of the College. In 
advising farmers relative to organization problems, the general efficiency 
of the industry is kept in mind in addition to the marketing function 
around which the organization is to be built. 

Co-operative marketing institutions must be able to meet legitimate 
competition and should make some additional savings, but many under- 
takings in organization which are considered worth while from the point 
of view of the general benefit of the industries, might be questionable if 
established entirely on the basis of the savings between the co-operative 
system and the old regime. The marketing function is the common interest 
which forms the best basis for agricultural organization, but efficiency in 
production as well as efficiency in marketing and the still more difficult 
problem of co-ordinating production with demand, must be taken into 
consideration in formulating organization plans. 

The efficiency of agriculture as an industry, both in production and 
marketing, is the goal sought and, as the lack of organization is rec- 
ognized as the chief weakness of Agriculture and constitutes the prin- 
ciple barrier to the attainment of high efficiency, our opinions and rec- 
ommendations are given with full consideration to this larger aspect 
of Agriculture. 

As the assistance which the Markets Department gives to farmers 
is of an advisory character, the work has been, from the start, piecemeal, 
attention being given to groups of farmers, here and there, in response 
to requests, sometimes to local problems and sometimes to the interests 
of groups of locals. As the work progressed, however, more and more 
attention has been given to comprehensive plans for organization of the 
commodities grown by the farmers in the state and more recently atten- 
tion has been given to the uniting of the Commodity Exchanges in the 
state along lines in whcih they have common interests. 

The Michigan State Farm Bureau, organized in the beginning, as a 
mass organization of all farmers in Michigan, seemed an ideal organiza- 
tion to harmonize and unite the various Commodity exchanges, as well 
as represent the interests of the farmers in this state through the federa- 
tion of County Farm Bureaus and, during the last two years, plans have 
been gradually formed through which the Farm Bureau assumes the 
functions above described. This plan, having become a fixed policy of 
the Michigan State Farm Bureau in collaboration with the Markets 
Department and, being state-wide and comprehensive in character, 
market and organization reports are formulated on the basis of this 
plan for the purpose of-clarifying the description of the work and, also, 
indicating the relative importance of the various proects. 

Reports of the work in Markets and Rural organization are given in 
the following order: 
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I. (a) Michigan State Farm Bureau in its function of co-ordinating and 
harmonizing the commodity exchanges in the state and, also, 
promoting and assisting this type of organization. 

(b) New Membership campaigns of Michigan State Farm Bureau. 


II. FARM BUREAU ECONOMIC ACTIVITIES. 


(a) Traffic. 

(b) Purchasing. 

(c) Wool and Minor Products. 

(d) Publicity. 

(e) Produce Marketing Department. 
(f) Legislative. 

(g) Seed Department. 


Ill. COMMODITY EXCHANGES. 


(a) Michigan Potato Growers Exchange. 
(b) Michigan Elevator Exchange. 

(c) Michigan Livestock Exchange. 

(d) Michigan Milk Producers Association. 
(e) ‘Michigan Fruit Growers Exchange. 

(f) Michigan Sugar Beet Growers Exchange. 


IV. PROBLEMS OF LOCAL ORGANIZATIONS. 


V. GENERAL EDUCATIONAL WORK. 
I. (a) Farm Bureau Function in Uniting Commodity Exchanges. 


The Markets Department has assisted the Michigan State Farm Bureau 
in the development of plans for co-ordinating the work of the Michigan 
Potato Growers Exchange with the Michigan Elevator Exchange through 
which locals in each Exchange can receive recriprocal service. Similar 
work is planned in co-ordinating the efforts of other commodities ex- 
changed. 

Assistance has also been given to overcoming the suspicion fostered 
by certain factors that the Farm Bureau was attempting to absorb 
Commodity exchanges, rather than build a federation of the same. Sug- 
gestions of various kinds have been elaborated for the combined use of 
the services of the State Farm Bureau by the Commodity Exchanges 
and the uniting of the efforts of all on certain major problems, such as 
transportation and legislation. This Department has also given direct 
assistance to the Farm Bureau and the Michigan Live-stock Exchange 
in their joint plans for the establishment of a co-operative Live-stock Com- 
mission House at Buffalo. The assistance of this Department was also 
given to the Farm Bureau’s efforts and plans made to promote a fed- 
eration of the existing Co-operative Fruit Associations. Considerable 
progress was made so that the completion of this project is expected 
during the coming year, which will make the fifth major commodity 
organization affiliated with the Michigan State Farm Bureau. 

The Farm Bureau, through its Produce Department, has served the 
celery and onion growers and now, in response to a general demand, the 
Markets Department is suggesting plans for the development of a state- 
wide organization of the Muck crop interests. 
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I. (b) New Membership Campaigns of Michigan State Farm Bureau. 


Assistance to the Farm Bureau in its membership drive consisted in 
numerous talks to farmers, explaining the organization plans of the 
Bureau and its economic functions and general services. 


Diosa(a) 2 irate: 

Four major undertakings of the Farm Bureau in transportation 
and traffic matters had ‘the assistance of this Department. First, 
the abandonment of certain spur Railroads in Michigan was under- 
taken by the Pere-Marquette Railway Company and opposed by 
the Traffic Department of the Farm Bureau. This case was won 
before the Interstate Commerce Commission. Second, a _ strong 
effort was initiated during the year to abolish the Zone System 
in Railroad rates in Michigan. This case is now in _ progress. 
Third, The Farm Bureau, in co-operation with the Michigan Potato 
Growers Exchange, has compelled a readjustment of rates on potatoes 
so that Wisconsin, Minnesota and other north-western shippers are com- 
pelled to pay rates in accordance with the distance hauled. Fourth, The 
Farm Bureau, in co-operation with the Michigan Potato Growers Ex- 
change, is preparing a case against the Central Traffic Association in an 
attempt to secure permanent relief from the severe car shortage which 
has prevailed in Michigan for several years during the potato shipping 
period. 


II. (b) Purchasing. 


Members of the staff of the Markets Department have participated 
in numerous conferences in the reorganizing of the Farm Bureau 
Purchasing Department with the College in formulating Dairy Rations, 
etc. The total volume of business of the purchasing department is as 
follows: 


Total womber-of Cars .6 4). cen Sa oe 1277 
Total“ Nimberol Wats... eae ee 1922 1745 
Total Volume of Business—February 1st, 

1921, to February 1st, 1922.... 2... . $760,708.96 
Total Volume of Ce ee ‘st, 

1922, to January. toth, 1925... eo. $815,466.27 


(ce) Wool and Minor Products. 


Assistance of the Department has been given to the the reorganizing 
of the Wool Marketing Department of the State Farm Bureau. The 
handling of the clip during the past season for the most part has been 
on a strictly co-operative basis with fairly satisfactory results. The 
volume of business of the Wool Department during the past three years 
has been as follows 


1920-1921-1922 


1920 3,522,050 pounds sold for. weeees $575,143.08 
1921 2,688,313 pounds sold for......... . 598,905.03 
1922 =320,079 pounds sold for. -sse 6 130,487.60 


Total 6,530,442 $1,486,535.71 
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(d) Publicity. 

The State Farm Bureau, having determined to publish a state paper, 
has asked the assistance of the Markets Department for plans for 
co-ordinating the publicity departments of the various Commodity 
Exchanges, meetings with the Board of Directors of the Michigan Potato 
Growers Exchange and the Michigan Milk Producers Association have 
been attended in developing plans for this project. 


(e) Produce Marketing Department. 


A Produce Marketing Department has been established by the Michi- 
gan State Farm Bureau in response to a general demand for the ‘purpose 
of marketing co-operatively poultry products, vegetables and other 
perishables. Mr. Patch of this department has given considerable of 
his time to advising with the management and to presenting the plans 
of same to local farm organizations in the state. 

(f) Legislative. 

Assistance in legislative matters has been confined to plans for secur- 
ing a more mature and united opinion among farmers on prospective 
legislation and on co-operative enacting laws. 

ton} to} 

(g) Seed Department. 

Assistance to this division has been limited to a conference with the 
management relative to financial operations and to developing a market 
for Michigan grown seed. 

July ist, 1920—July 1st, 1921..... 750,000 
July 1st, 1921—July 1st, 1922..... 1,000,000 
July 1st, 1922—July 1st, 1923..... 1,500,000 (Estimated) 


III. COMMODITY EXCHANGES. 


(a) Michigan Potato Growers Exchange. 

The Markets Department has been in close touch with the Michigan 
Potato Growers exchange during this vear and all members of the 
Markets Staff have given more or less attention to its marketing and 
transportation problems. 

The Michigan Potato Growers Exchange has suffered severely from 
sar shortage, both box and refrigerator, and a vigorous effort has been 
made in conjunction with the Michigan State Farm Bureau to get per- 
manent relief from this shortage. An organized effort has been made, 
also co-operating with the Michigan State Farm Bureau, to secure an 
adjustment of rates on potatoes as between Michigan and northwestern 
points. Substantial progress has been made along this line and com- 
petitive points will be compelled to pay rates consistent with the dis- 
tance of markets. 

The attention of the Markets Department has also been directed 
towards the problem of standardization and improvement of the grade 
of the Exchange output and research work is in progress on the major 
markets, the condition of Michigan potatoes arriving and other problems 
in the co-ordinating of potato producers with demand. The Markets 

11 
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Staff has participated in numerous conferences with managements and 
Boards of Directors, having to deal with general organization and 
financial problems of the Exchange and to relationship with the Michigan 
State Farm Bureau. 

(b) Michigan Elevator Exchange. 

The Markets Staff has given assistance to the Elevator Exchange 
largely in an advisory capacity in financial and general organization 
problems. Considerable attention has also been given to local elevator 
problems and their relationship with the Exchange. The Michigan 
Elevator Exchange has made excellent progress during the year and 
now has an A-1 rating in both Dunn’s and Bradstreet’s reports on the 
basis of $75,000 Net assets. The volume of business of the Elevator 
Exchange during three months in 1920 was approximately $250,000, dur- 
ing the year 1921, $3,750,000 and during 1922, $4,141,000. 


Ilt. (c) Michigan Livestock Exchange. 


Considerable attention of this Department was given to the Michigan 
Livestock Exchange in formulating plans for the establishment of co- 
operative Commission Houses in Detroit and Buffalo. The Commission 
House at Buffalo was established through the combined efforts of the 
Exchange and the Michigan State Farm Bureau in Co-operation with 
the State Farm Bureaus in Indiana and Ohio. The members of the 
Staff attended several conferences in developing plans for the Buffalo 
House. 

Still further attention has been given to the relationship of the Live- 
stock Exchange and the Michigan State Farm Bureau. 

The Commission House in Detroit, having been in operation seven 
months, is now handling 33% of the receipts. The Buffalo House, dur- 
ing November and December, has handled about 30% of the total 
receipts on that market. 

(d) Michigan Milk Producers Association. 

Assistance to the Michigan Milk Producers Association has been con- 
fined to efforts in co-ordinating the work of this organization with the 
Michigan State Farm Bureau and the presentment of plans combining 
the Publicity Departments. 

(e) Michigan Fruit Growers, Inc. 

The Michigan State Farm Bureau, during the year, made a vigorous 
effort to federate the Michigan Fruit Growers organizations in the state 
into a state-wide Exchange and considerable progress was made in the 
formulating of plans for “such an organization. Numerous conferences 
and meetings in the Fruit Belt were attended by members of the Staff 
in working out this plan, which contemplates co-operation with the 
Michigan State Farm Bureau, as well as, co-operation with the Federated 
Fruit and Vegetable Growers of America. It is expected that this 
project will be completed during the coming year. 


(f) Michigan Sugar Beet Growers Association. 
The work of the Department in this division has been limited to con- 
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ferences with some leaders in the sugar Beet Industry relative to future 
plans for organization. 


IV. LOCAL ORGANIZATIONS. 


A large per cent of the time of the Markets Staff has been given to 
problems of local organization. These organizations show great varieties 
of types and include Co-operative Eley ators, Livestock Shipping Associa- 
tions, Potato Marketing and Warehouse Associations, Cold Storage and 
Pre-cooling Plants for perishables, Co-operative Creameries, Co-operative 
Cheese Factories, Co-operative Fruit Packing Houses and Cooperative 
Milk Distributing Plants. Many of these local units need to be reor- 
ganized and re-financed, due to losses occurred during the after-war de- 
pression. Many local membership Associations have been re-organized 
under the new Non-profit Stock law, which is-now considered preferable 
where any considerable amount of capital is involved. The number 
of these local associations is steadily increasing and our records now 
show a total number of about 508. 


V. GENERAL EDUCATION WORK. 


Numerous talks and addresses by members of the Marketing Staff 
have been given on Rural Organization and Marketing problems to 
Granges, Farmers Clubs, Gleaner Organizations, Agricultural Institutes, 
County Farm Bureaus and meetings of local Co- operative Marketing 
Associations, as well as meetings of Commodity Exchanges, Farm 
Bureaus, ete. 

The marketing staff is compelled to accept a large number of invita- 
tions of this kind and consider this class of work as being of genuine 
value but is not cultivated and preference is given to the major efforts 
along the line of well defined organization projects which have been 
undertaken. 


REPORT OF EXTENSION WORK IN LAND CLEARING 


BY L. F. LIVINGSTON 


Agitation for land clearing has been carried on for some time in 
Michigan, but it was not until August 1, 1921 that the efforts were 
erystallized and the Michigan Agricultural College established a land 
clearing section with L. F. Livingston in charge and A. J. McAdams 
as assistant. Due to the early growth of the work, Geo. Amundson was 
employed in March as an assistant. 

The first problem that confronted this office was a general survey 
of the land clearing conditions of the state with special reference to 
the Upper Peninsula where more cleared land was essential. The survey 
brought out several facts regarding the agricultural sliuation of the 
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Upper Peninsula. 1—Land clearing and its problems is the most im- 
portant question facing the farmers in the cut over sections. 2—The 
average of cleared acres per farm is too small to make economical and 
successful farming. 3—The rate of clearing, based on a ten year average 
Was one acre per farm per year, much too low for the development of 
resources at hand. 4—The reasons for this slow rate of clearing by 
the settlers already on the cut over regions, were found to be several— 
lack of knowledge of the economical methods of clearing, wasting ex- 
plosives through improper handling and buying, too many accidents 
due to improper use of explosives, and a lack of interest and under- 
standing of the problems of land clearing on the part of the bankers and 
business men. 

The problem in the lower peninsula is one of getting rid of the stumps 
that are interfering with the cultivation and economical farming of 
the fields that are cleared and have been farmed for a number of years.. 
We do not consider a piece of land cleared until all of the stumps have 
been removed. 

Land clearing in the cut over regions of Michigan, while ordinarily 
classed as reclamation work, differs from most reclamation projects. 
Here the soil, rainfall and climate are naturally provided and adapted 
to agriculture. The sole obstacle is the brush and stumps which must 
be removed before the land can be tilled. Every farmer in this territory 
is confronted with the same problem and every farmer without excep- 
tion, can be benefited, financially and socially by an intensive campaign 
in better, quicker and safer methods of clearing. 

In this respect, land clearing differs from other reclamation work in 
the state. It is a problem which must be worked out by every settler 
and some program is absolutely essential to take care of the farmers 
now developing new homes, and new men will eventually develop the 
rest of this territory, to give them the benefit of all past experience 
and some definite aid, if this territory is to become a prosperous farming 
section. 

To accomplish this it was necessary to interest all who have mutual 
enterprises in the cut over sections of Michigan to the importance of 
more cleared acres and ‘to secure their continued co-operation. 

The work was carried on through the county agents and the extension 
system, by (1) demonstrations in uses of dynamite and picric acid, 

2) land clearing exhibits at county fairs, (83) meetings with county 
boards of supervisors, (4) winter farmers meetings, (5) business organiza- 
tion meetings, (6) newspaper publicity, (7) land clearing schools, (8) 
landclearing story contests, and (9) picric acid distribution, 

Thirteen demonstrations in the uses of dynamite and picrie acid were 
held in the fall of 1921 in the Upper Peninsula with an attendance of 
2170 farmers. This clearly indicated the need of education in the use 
of explosives as well as need of education in the use of stump pulling 
equipment. From our survey it is estimated that one-third of all the 
dynamite used for agricultural purposes is wasted because of improper 
methods or the wrong material being used. Further, it was found that 
one-half of all stump pullers purchased should never have been bought. 
Kither the type of clearing was not adapted to stump pullers or the 
machine was not equipped with the right attachments. The carload 
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system of buying explosives was introduced and saved the farmers thou- 
sands of dollars. By correcting these faults the cost of clearing has 
been and can be reduced to a much lower figure. 

It was necessary to get the land clearing movement before the eyes 
of every one in the Upper Peninsula and to spread broadcast, informa- 
tion that the Michigan Agricultural College was in a position to help 
farmers in their land clearing work. To do this we chose to visit all 
county fairs with a land clearing demonstration by means of models, 
showing the best approved methods and tools as well as featuring models 
of home made devices. During the fall, twelve counties were visited and 
a total of 19,575 people viewed the land clearing exhibit. In personal 
talks with various farmers the need of education was again evident. 

To further the educational end of land clearing and to secure the neces- 
sary funds to carry on our plans, we appeared before nine county boards 
of supervisors asking them to appropriate sufficient funds to carry on 
a series of land clearing schools in their counties. We received an aggre- 
gate appropriation of about $8,000 to carry on thirty-eight land clearing 
schools in ten counties of the Upper Peninsula. In the majority of cases 
the boards of supervisors were far sighted enough to see the necessity 
of land clearing and in several cases they attended the schools in a body. 

During the winter a total of 105 land clearing meetings were held in 
the farming regions with an attendance of 10,045 people. A conservative 
estimate shows 65% were farmers. Twelve counties were covered dur- 
ing the winter. Moving pictures portrayed the best approved methods 
of clearing land and arrangements were made for the land clearing 
schools to be held in the spring. These meetings demonstrated a good 
healthy interest in land clearing and our office has been called on con- 
tinually to aid farmers in their problems. These meetings also revealed 
that it was necessary to show better uses of material on hand and 
to bring about a cheaper rate of clearing as well as to get cheaper 
materials in the hands of the farmer. In many cases it was found the 
cash outlay played an important part in the manner in which the farm 
was cleared. In other cases the SPEED of clearing was the determin- 
ing factor with no particular attention paid to the cash outlay. There- 
fore, that which is economic land clearing for one may be impossible 
for another, and this is one of the many reasons for bringing land clearing 
education as near the individual’s back door as possible. 

Besides interesting farmers, it was necessary to show business men 
and bankers the direct relation between more cleared acres and more 
rapid development of their community or city. It was. our privilege 
to appear before 25 business men’s meetings with an attendance of 1,792. 
By gaining their co-operation and support, the land clearing movement 
took enormous strides forward. During the winter two county agents’ 
conferences were held where land clearing was the main subject of dis- 
cussion and in the majority of cases, land clearing was one of the major 
projects in the year’s work of the county agents. From the county agents’ 
reports we find they spent 25.8% of their time on land clearing. 

Since last fall this office has supplied twenty-five newspapers of the 
Upper Peninsula each week with land clearing material. Our clipping 
book shows that these papers as well as several in the Lower Peninsula 
and numerous magazines have been supplied with information. Because 
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of our wide publicity campaign, we have received requests for information 
on land clearing and possibilities of land clearing stretching from New 
York to Seattle and as far south as Central America. 

To interest the young folks and also to further interest the older 
folks in land clearing, a land clearing story contest was carried on in 
each of six counties. Over a thousand essays were submitted and prizes 
were awarded to the winners. 

Practical land clearing education was carried on this spring by a 
series of 38 land clearing schools conducted in ten counties of the Upper 
Peninsula. Over 1,000 people attended these schools. The school was 
made up of eight cars donated by the railroad; 18 men, supplied by the 
college; six stump pullers, supplied by stump puller companies; two 
tractors, supplied by tractor companies ; and dynamite and dynamite 
tools from three powder companies, as well as Pieric Acid. The “learn 
by doing’ method was adopted in the field, clearing a total of 86 acres. 
About 2.7006 farmers took the complete course. We know that all who 
attended these schools carried aw ay some ideas which will be beneficial 
to them. 

This fall another series of land clearing schools were held in the 
north east section of the lower peninsula. Twenty-seven stops were made. 
in seventeen counties and 4,700 people attended. 1,300 of these com- 
pleted the course and will receive certificates. The train was run in 
the same manner as the Upper Peninsula train but carried a crew of 
10 men instead of 20. Of course this necessitated our cutting down on 
the amount of equipment carried. This series, as the other, was a suc- 
cess from all points of view. 

It was also the duty of this office to distribute 1,874,000 pounds of war 
salvage picric acid to the farmers of the state. This was done through 
the county agent system, farm bureaus organizations and county clerks. 
Twenty-four cars, or 550,000 pounds were placed in 17 counties of the 
Lower Peninsula and the remaining 20 cars, or 457,000 pounds were 
distributed in 14 counties in the Upper Peninsula. It is estimated that 
22,000 acres of land were cleared with this explosive at a saving to the 
farmers of about $143,770.00. 


Attend- | Counties 
No. ance Visited Days 
Demonstrations heldvea= o) wee eee eae BA ss ea Ra eo eocht 13 2,170 3 15 
Ccunty Agent Conferences. .... POPC. 1 A RES Sgn or sche em acter deena rine a 3 GOS Gessner 5 
Exhibitsiat county; fairs oe ah. 0 eae ee a Tee eer eile nev cline oR ate 12 19; 575g, 12 44 
County board meetings..... eG 9 247) (a J 9 9 
Businessmen's'meetingss. 420s. gre eee ek tee ee Peek Pele Ue 25 | ¥ 1,792 14 30 
Warmers: moetings! yc cs. nie tee a ater ERE LE ee eee 105 10,045 12 75 
Land clearing schools—U. P PSE Pe) eRe Jt Re hey Ree Thee Bene 38 10,000 10 70 
Landyclearing schools=alis ae oie oe ee ee encom deh ee ee neee Brey es 27 4,700 17 38 


The goal as set for the Upper Peninsula has been and will be 60,000 
acres per year for five years. It is based on a five acre per farm produc- 
tion and will at the end of five years give the average farmer sufficient 
cleared land to make him independent of logging or mining operations. 
Statistics will be gathered at the winter meeting gs to show the actual 
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results but from the preliminary work that we have done it is safe to 
say that we will gain our 60,000 goal. 

For the coming year the State is divided into three parts. A. J. 
McAdams will cover the west half of the Upper Peninsula, Geo. Amund- 
son will have charge of the east half of the Upper Peninsula and N. A. 
Kessler will have charge of the northeast section of the Lower Peninsula. 
As time goes on it is hoped that another section will develop in the 
north west section of the Lower Peninsula, but at the present time 
we have not the time nor the funds to carry on work in other sections. 
In each section winter land clearing meetings will be held with the 
view of talking over the individual problems of the farmer, of developing 
the carload systems of co-operative buying of explosives, and laying 
the foundation for the land clearing schools which will follow in the 
spring and fall. These schools or demonstrations this year will be held 
as a truck train and each county will have its schools as a unit rather 
than be a part of a large program as was the case last year. With 
the work outlined as above, our forces should be three times as efficient 
“as before because we will have three series of meetings going at once 
and three series of schools or demonstrations running at the same time. 

It is suggested and strongly urged that the U. 8S. Department of Agri- 
culture establish ways and means whereby experimental work can be 
done in land clearing. Land clearing, though the oldest type of work 
in the United States, has had the least attention paid to it from a 
scientific standpoint. If, through the Washington office, a section was 
established which would do nothing but investigate new means and new 
apparatus for clearing some of the millions of cutoyer areas which are 
now in the process of becoming farms, it would be government money 
well expended. 


REPORT OF EXTENSION WORK IN POULTRY HUSBANDRY 


BY C. M. FERGUSON AND R. D. URE 


The demand for poultry work throughout the State by both farmers 
and breeders has shown a remarkable increase during the fiscal year. 
For a greater part of the year one extension man has been alone in 
handling the work. After August 15th Mr. Ure was added to the staff 
but the demand for work is still far from being met. Both specialists 
worked on culling demonstrations up until October 15th when Mr. Ure 
commenced the inspection of certified flocks for the Michigan Baby Chick 
Association and the organization of demonstration farms. 

The demand for further information on poultry disease has increased 
tremendously. The extension service was unable to cope with requests 
and in order to handle the situation the co-operation of the Department 
of Bacteriology was solicited. Dr. Stafseth of that department has 
rendered invaluable assistance in broadcasting information on poultry 


328 STATE BOARD OF AGRICULTURE 


diseases particularly Bacillary White Diarrhea, Avia Tuberculosis, 
Chicken Pox, Roup, Fowl Typhoid and Fowl Cholera. Flocks are now 
‘being tested in a wholesale way for Bacillary White Diarrhea under the 
supervision of Dr. Stafseth. All birds sent into the Department for diag- 
nosis are also handled in this way. In addition to this service Dr. Staf- 
seth has attended several field meetings, poultry tours and association 
meetings on subjects pertaining to diseases of poultry. 

Poultry culling demonstrations have during the past year occupied 
the greater part of the specialists’ time from June 1st to October Ist. 
Lectures on rearing chicks, incubation, brooding and care of growing 
stock made up the spring work. Fall and winter meetings are given 
over to discussion and lectures on poultry house construction, feeding 
for production, plant management and disease control. 

The number of demonstration farms are being established this year 
in various counties. Only flocks of good quality are being used for this 
purpose. It is essentially a breeding proposition with the object in view 
of supplying eges and stock of high quality to the surrounding commu- 
nity. These flocks will be culled and the breeding stock selected each 
year by the extension specialist. Records as to the amount and cost 
of feed consumed, number of eggs produced, the time of matching in 
relation to profit are being kept by the flock owner. These records 
extending over a period of years will prove of interest showing as they 
will the “effect of selective breeding and careful culling in relation to 
egg production. 

Demonstrations and meetings will be held at these farms during the 
year to discuss timely subjects of interest with poultry men. 

Five of the more popular breeds’ namely, Barred Rocks, White Leg- 
horns, Rhode Island Reds, White \Wyandottes and Anconas are being 
used and it is our intention to popularize these breeds and by so doing 
reduce the number of breeds kept thus standardizing poultry products. 
The extension staff has not been large enough to carry out this work 
on a scale as large as was anticipated. However, a number of farms have 
been inspected, supplied with the proper forms and are now keeping 
records. The counties in which these farms are located are: Berrien—1, 
Cass—2, Brancl y—5, Livingston—7, St. Clair—3, Huron—3, 
Antrim—1, Benzie—1, Kent—1. 

The Poultry Department and the Michigan Baby Chick Association 
are co-operating in a project to improve the quality of the stock sent 
out as baby chicks by the hatcheries. Numerous complaints were made 
at culling demonstrations during the summer by people who had pur- 
chased baby chicks and received ‘inferior stock. It is hoped that by the 
system of certification the public will have greater confidence in the baby 
chick industry. 

During the late summer and early fall the hatchery men culled the 
farm flocks which supplied them with hatching eggs. These flocks are 
in turn inspected by an extension specialist who scores them accordingly 
to a score card. This report is submitted to a certification committee, 
elected by the Association whose function it is to pass the stock or 
reject it. Up to the present time 130 flocks have been inspected for this 
purpose. 

[t is hoped that the culling work can be put on such a basis that there 
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will be available in each county some persons who are efficient in culling 
and selection. 

In view of the fact that the Department has sent out approximately 
5,000 plans of the Michigan type poultry house it is obvious that the 
housing conditions of Michigan Poultry are improving. We already 
have in the State a large number of these houses completed and many 
more under construction. 

Demonstration farms should aid materially in demonstrating proper 
feeding and housing methods as well as what profits may be realized 
from farm poultry. 

The certification of flocks supplying eges to commerce ial hatcheries will 
be a great step towards improving the quality of chicks. Approximately 
10 million were distributed this year from hatcheries in the state. 

The lecture method of presenting material has been relied on for 
winter meetings. Summer meetings which are largely culling demonstré 
tions are smaller and more actual demonstrating can be done and more 
time spent with the individual. We have found ‘that culling can best be 
taught by taking a small group giving them a thorough drilling on the 
major points to. be considered than allowing them to cull a few flocks 
under our supervision. 

The County Agents have been instrumental in the organization in 
advertising of campaigns and meetings held within the counties.  Re- 
quests for work are filed by the Couty Agent at the Extension Office and 
he is alloted as much time as possible in making up our schedule. It 
has been impossible to meet all the requests or to give as much time 
to the counties as they have requested. This has resulted in a hurry-up 
schedule, making many of the meetings too short to permit the discussion 
of phases of poultry work which would be brought up subsequent to 
a formal meeting. Home demonstration agents have in soine counties 
taken over entirely the poultry work within the county. On the other 
hand others have made it a part of their efforts insofar as it applies to 
the farm home with no attempt to work with commercial poultrymen. 
Farm women through their clubs and societies show a very keen interest 
in all phases of poultry work. Boys and Girls Club Agents have done 
a great deal to make poultry work attractive to the Junior farmer. Poultry 
clubs and judging contests have added materially to the interest of the 
boys and girls in this project. The club agents are in many cases assisting 
the County Agent in organizing the county poultry program. 

Summary of meetings and demonstrations: 
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POTATO CULTURE IN MICHIGAN 


Special Bulletin No. 117 


BY H. C. MOORE 


Favorable climatic and soil conditions, combined with relatively close 
markets, make Michigan one of the leading potato growing states of the 
country. The potato crop is also a good one to include in a standard rotation 
where such conditions exist to favor its development. It is one of the best 
cash crops grown in the state, and the average returns per acre are usually 
ereater than for any other general crop. 

Based on the five year average, 1915 to 1919 inclusive, Michigan was fourth 
among the states in order of total production. The average yield for this 
five year period was 75 bushels per acre. ‘There were 340,000 acres of potatoes 
grown in Michigan in 1921 with a total production of 27,200,000 bushels. 
Figure 1 shows the distribution of the potato crop in Michigan in 1921. 
It will be seen from this map that there were only four counties in the state 
that produced less than 50,000 bushels each. 

The potato thrives best in a cool, moist climate, and the quality is best 
when the crop is grown on light loamy soils. ‘These conditions, which prevail 
in many sections of the state, are very favorable for the production of good 
yields of high quality potatoes. 

Michigan is advantageously located with reference to markets. Ohio, 
Indiana, Illinois and Kentucky are dependent upon the northern potato 
growing states for a large portion of the potatoes they consume. A five-year 
average of potatoes needed annually by Ohio, Indiana and Kentucky in 
excess of the crop produced in these states is as follows: Ohio, 20,999 car 
loads; Indiana, 9,502 car loads; Kentucky, 6,920 car loads. The distance 
between this large potato consuming center and the potato producing center 
of Michigan is comparatively short. The cities and large towns of Michigan 
also furnish excellent markets for Michigan potatoes. 

Great advancement has been made in Michigan during recent years in the 
co-operative marketing of potatoes. Through this movement, new and 
more direct markets are being developed. 

The following table of statistics from the Federal Crop Report for Michi- 
gan, January 1, 1922, furnishes a continuous history of the potato production 
in Michigan since 1866. It will be seen from this table that the greatly in- 
creased total production secured during the latter part of this fifty-six year 
period is due to increased acreage and not to increased yields to the acre. 
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Potato production in (Michigan in 1921. Each dot represents approximately 50,000 bushels. 
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TaBLe 1. Statistics of the Michigan Potato Crop from 1866 to 1921. 


Total Total 
Average : Average Average 
Year. fea oe yield progucies price a value 

i per acre. omitted) December 1. omitted) per acre. 

Acres. Bushels. Bushels. Dollars. Dollars. Dollars. 
PREG OS oes ac tsar 45,793 110 5,037 0.39 1,962 42.84 
RB Toe oar ctieiher 58 ,974 98 5,750 0.52 3,007 50.99 
USES here ae 60,106 94 5,650 0.42 2,354 39.16 
NBG A SS erates 48 , 387 155 7,500 0.29 2,199 45.45 
STO Sosere she es 73,684 95 7,000 0.52 3,645 49.47 
RN ara ieinid Snavaas 87,500 68 5,950 0.75 4,441 50.75 
1 SV CANN R I Stet Seas 91,045 66 6,009 0.56 31.83 36.83 
1 Eo ane 92,133 15 6,910 0.70 4,836 52.49 
DR Fe ranens one 87,368 87 7,601 0.57 4,318 49.42 
UST arena ele a 85,000 125 10,625 0.27 2,872 33.79 
BOT teal voecnreseieie"s 86,363 55 4,750 0.66 3,135 36.30 
BT dee cauare: erat -orc ers 92,771 83 7,700 0.35 2,696 29.06 
STS Pe eae. 91,000 76 6,916 0.48 3,313 36.41 
Se os ereneteaecn 97 , 300 113 10,995 0.41 4,508 46.33 
SSO ee ere 97 , 300 112 10,898 0.41 4,468 45.80 
BSG caats ee wens 131,589 58 7,632 0.80 6,106 46.40 
NSS Ny ee ec, e Erato 138,148 90 12,364 0.43 5,317 38.48 
USES chien yds eo: 142,313 83 11,812 0.41 4,843 34.03 
SRA ye etaic.e ore as 146,582 90 13,192 0.25 3,298 22.50 
PSSBUS cies eel 148 ,048 87 12,880 0.34 4,379 29.58 
ote SSP ene eee 146,568 80 11,725 0.39 4,573 31.20 
TES Fie enclveiw ote: 149,499 30 4,485 0.72 3,229 21.60 
ERSS it Alek eee 119,599 72 8,611 0.33 2,842 23.76 
ists Mest ae epee 200,981 78 15,677 0.33 9,173 25.74 
SGOT ee ae ss 202,991 58 Tal ee eas? 0.64 7,535 37.12 
PSO sete ere 209,081 96 20,072 0.24 4,817 23.04 
MSO OE sirens cats 188,173 62 11,667 0.53 6,183 32.86 
PSOR S26 crasewe. 195,700 75 14,678 0.45 6,605 33.75 
LESTE Wan et ey pea 215,270 62 13,347 0.43 5,739 26.66 
PSOS ass) fearon br 236,797 101 23,916 0.16 3,827 16.16 
TBD G ret tees co, sho 208 ,381 88 18 ,338 0.19 3,484 18.37 
MOOT eee ooo: 175,040 72 12,603 0.43 5,419 30.46 
ESOS eerie ye ore: 178,541 79 14,105 Q.27 3,808 21.33 
TR OO aie ses 173,185 66 11,430 0.32 3,658 21.12 
L900. ih oes 171,453 97 16,631 0.26 4,324 25.22 
AIS OI ee 273,676 81 22,168 0.68 15,074 55.08 
OO Die tars reyeseels 270,939 72 19,568 0.41 7,998 29.52 
LOOS Rte eee 268 , 230 78 20 , 922 0.49 10,252 38.22 
SOA ye hte 262,865 121 31,807 0.29 9,224 35.09 
i) 9 So ee eee ae 241,836 67 16,203 0.56 9,074 BY (aby 
MOO GR Ried: 285,060 95 27 ,075 0.34 9,206 32.30 
VOO GE es eros 299 ,000 90 26,910 0.45 12,109 40.50 
QOS Sete See 325,000 72 23,400 0.58 13 ,572 41.76 
TOS ee ee sore 365,483 105 38 , 244 0.35 13,385 36.72 
VOTO MS Sat se 350, 0C0 105 36,750 0.31 11,392 32.55 
i119) ka ee eA te 330,000 94 31,020 0.71 22,024 66.74 
DOT retry alee 350,00 105 36,750 0.41 15,068 43.05 
US hea re ir ee 350,000 96 33,600 0.53 17,808 50.88 
OT Aira otetedeceetess 364 , 000 121 44,044 0.30 13,213 36.30 
UOWS Sree ene- 355,000 59 20,945 0.56 11,729 33 .04 
WONG eres ae. 320,000 48 15,360 1.60 24,576 76.80 
DAT Pe cets Sere ss 878 ,000 95 35,910 1.05 37,706 99.75 
ONS Eee es. s crabs 340,000 84 28 ,560 0.89 25,418 74.76 
LOO ee ae 300,000 90 27 ,000 i) 2835 36,450 121.50 
i Ne PAD ena Se aaa 345,000 105 36,225 0.92 33,327 96.60 
1 Sa eee 340,000 80 27,200 0.95 25,840 76.CO 
Average.... 203 ,334 86 17,426 0.52 9,298 42.13 


New land has been constantly developed and planted to potatoes. The 
crop has been grown on an extensive rather than an intensive basis, and very 
little attention has been given to the best cultural practices. Economic 
conditions now demand, however, that growers follow the most improved 
methods of potato growing, so that they can increase their yields per acre and 
thus lessen the cost of production per bushel. The average yield of potatoes 
per acre in Michigan in 1921 was 80 bushels. Many growers, however, in 
various sections of the state secured yields of 200 bushels or more per acre 
by practicing good methods of potato culture, 
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The potato crop grows best in soils that are loose and friable. In heavy, 
stiff soils the tubers are likely to be ill-shaped and of poor quality. Sandy 
loam, gravelly loam, or silt loam soils that are well drained and rich in organic 
matter make suitable soils for the potato crop. Potatoes will not do well in a 
cold, wet soil. Thorough drainage is essential. 

A good potato soil should be retentive of moisture. Decaying organic 
matter or humus in a soil acts as a sponge and increases the soil’s moisture- 
holding capacity. Most of the potato soils in the state are lacking in or- 
ganic matter and cannot retain enough moisture through the growing season 
to produce a good yield of potatoes. The organic content of the soils should 
be increased by applying stable manure, and by following a systematic crop 
rotation in which such crops as alfalfa, clover or sweet clover occupy the 
land for a period of two years or more in the rotation. Many growers find it 
profitable to plow under the second cutting of clover or alfalfa for potatoes. 


ROTATION OF CROPS 


Potatoes are a good crop to include in a standard rotation where soil and 
climatic conditions are suitable for their development. The thorough culti- 
vation that is given potatoes kills the weeds and grass, and leaves the soil in 
good condition for succeeding crops. 

The best yields are obtained when potatoes follow alfalfa or clover in the 
rotation. Alfalfa and clover sods decay rapidly when plowed under, thus 
liberating nitrogen, phosphoric acid, and potash, which become available for 
the potato plants, while the decaying organic matter aids in retaining soil 
moisture. ‘Timothy and other grass sods are often infested with insects, such 
as grubs and wireworms, which seriously damage a potato crop that follows 
them in rotation. Furthermore, the grass sods do not furnish as much plant 
food as do the alfalfa and clover sods. 

It is not a good practice to plant potatoes on the same land more often than 
once in four or five years. A long rotation that includes alfalfa and the 
clovers is important for bettering soil fertility and moisture conditions. A 
long rotation also aids in controlling such potato diseases as Fusarium wilt, 
scab and black scurf that live in the soil. 

The rotation to be adopted will be determined largely by soil and climatic 
conditions, and by the type of farming that is being practiced. Potato 
growers should determine what crops are best adapted to their farms, and 
then should maintain a definite crop rotation system. 

The following rotations are suggested: 

A. First year—clover; second year—potatoes; third year—barley, oats, or 
rye seeded to clover. 

B. First year—barley, rye, or wheat seeded to alfalfa; second year—alfalfa; 
third year—alfalfa; fourth year—alfalfa; fifth year—potatoes, corn, or beans; 
sixth year—hbarley, rye, or wheat seeded to alfalfa. 

C. First year—potatoes; second year—barley, oats, or rye seeded to 
sweet clover; third year—sweet clover; fourth year—potatoes, or corn, 
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PREPARATION OF THE SOIL 


The potato requires a deep, mellow seed-bed so that its roots can extend 
easily into the soil and secure moisture and plant food. The depth of plow- 
ing will be determined largely by the character of the soil. Sandy types of 
soil are usually plowed to a depth of four or five inches, while heavier types 
that are well supplied with humus are frequently plowed to a depth of seven 
inches or more. The soil should be plowed as deeply as possible without 
turning up much of the subsoil. 

Fall plowing generally gives good results unless the soil is very light and is 
subject to blowing. Heavier types of soil and those that are covered with 
sod are usually benefitted by fall plowing. The organic matter that is 
plowed under in the fall rots and puts the soil in a good condition. 

Spring plowing should be done early so that the soil moisture will be con- 
served, and so that the organic matter that is plowed under will have time to 
decay partially before the potatoes are planted. This decaying organic 
matter will aid materially in holding the soil moisture. If the sod is cut up 
with a disc harrow before it is plowed in the spring, it will rot more quickly 
and will make a better seed bed. 

Both fall plowed and spring plowed lands should be harrowed thoroughly 
as soon as possible in the spring, so that the soil will be put in a mellow con- 
dition and so that soil moisture will be conserved. The disc harrow is a very 
effective implement for cutting up sods and working them down in the soil, 
On fields that are stony, however, the spring-tooth harrow is more generally 
used. After the soil has been pulverized to the depth of the furrow slice by 
the disc or spring-tooth harrow, it should be gone over several times before 
planting time with a spike-tooth harrow or drag to smooth the surface and to 
kill weed and grass seedlings. ‘Thorough tillage at this time will save much 
labor later in the season in controlling weeds and grass. 


THE USH OF MANURE 


Stable manure should be used in the rotation since it adds plant food in 
the form of nitrogen, phosphoric acid, and potash, improves the physical 
condition of the soil, and promotes the growth of beneficial soil bacteria. 
As far as possible, dairy farming or some other branches of animal industry 
should be carried on in connection with potato growing, so that manure will 
be available for the land. 

Fresh stable manure applied late in the spring may promote the development 
of potato scab. This disease is caused by an organism that lives in some 
soils, as well as on the seed potatoes. The scab organism thrives best in 
alkaline or sweet soils. The ammonia in fresh manure is alkaline and tends 
to sweeten the soil, thus encouraging the growth of the scab organism. 

In dry seasons, coarse, strawy manure when applied late in the spring 
may make the soil too porous and cause it to dry out quickly. It is a good 
practice to apply stable manure to the hay crop that precedes the potatoes in 
the rotation. The application should be made during the summer previous 
to potato planting. The growth of the hay crop is increased and there are 
more roots and stubble to turn under for humus. The manure rots thor- 
oughly by the time the potatoes are planted, and much of its plant food is 
available for the potato crop. If applied directly to the potato crop, it is 
generally best to put it on during the fall or winter as a top dressing. The 
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usual rate of application is eight or ten loads to the acre. Manure should 
be uniformly distributed. It should not be placed in the row where it will 
come in contact with the seed pieces or the growing tubers, since such prac- 
tice may cause the development of potato scab. 


THE USE OF LIME 


The potato crop is quite tolerant of acid soil. In order to get satisfactory 
yields of potatoes it is necessary, however, that such crops as alfalfa, sweet 
clover and clover be grown in the rotation to supply plant food and humus. 
These plants require soils that are sweet, or rich in lime. Most of the potato 
soils of Michigan need lime in order to grow alfalfa and clover. 

Lime applied shortly before the potatoes are planted may promote the 
development of potato scab, since it acts the same in this respect as does 
fresh stable manure. Lime, therefore, should generally be applied just 
previous to the sowing of alfalfa or clover, or at the time of preparing the © 
seed beds for these crops. The usual rate of application recommended is 
two tons of ground limestone, or six loads or more of marl, or one and one-half 
tons of hydrated lime per acre. 


COMMERCIAL FERTILIZERS 


The potato crop should not lack for available plant food at any time 
during the growing season if maximum yields are to be obtained. The plant 
food elements in commercial fertilizers are generally more quickly available 
to the growing plant than are those in barnyard manure or clover or alfalfa 
sod. For this reason commercial fertilizers can generally be used to advan- 
tage to supplement the stable manure and sod. 

The kind of fertilizers and the amounts to use is determined largely by 
soil and climatic conditions. Potatoes grown on sandy types of soil that are 
lacking in organic matter generally respond to a complete fertilizer that 
analyzes approximately 4 per cent nitrogen, 10 to 12 per cent phosphoric 
acid, and 3 to 6 per cent potash, applied at the rate of 400 to 800 pounds 
to the acre. Loamy types of soils that are well supplied with organic matter 
generally give increased yields of potatoes when they receive applications of 
300 to 600 pounds of 16 per cent acid phosphate to the acre. 

Of the three elements, nitrogen, phosphoric acid and potash, the phosphoric 
acid is the one that generally gives the most consistent results when applied 
in the form of commercial fertilizer. Most of our potato soils are deficient in 
phosphoric acid. Furthermore, stable manure and alfalfa or clover sod that 
is turned under contain only one-half to one-third as much phosphoric acid 
as they do nitrogen and potash. 

Commercial fertilizers will give better results in seasons of sufficient rain-- 
fall. In very dry seasons the lack of moisture limits the development of the 
plants and makes them less able to utilize the plant food applied. There- 
fore, in sections subject to long periods of drought heavy applications of fer- 
tilizer are not so generally warranted as they are in regions where droughts ~ 
are less frequent and soils are more retentive of moisture.. One way of 
making commercial fertilizers more effective is to improve soil moisture 
conditions by plowing under organic matter. 

Fertilizers should be placed in moist soil so that they will dissolve.. They 
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may be applied broadcast or in the furrow. When applied broadcast, they 
are spread by hand, by a grain drill, or by special fertilizer sower after the 
soil has been thoroughly fitted and shortly before the potatoes are planted. 
After the fertilizer has been broadcasted it should be harrowed into the 
moist soil. When potatoes are planted with a machine having a fertilizer 
attachment, the fertilizer may be sown in the bottom of the furrow. It 
should be distributed in a wide strip, and should be mixed with the soil so 
that the growing sprouts and roots will not be injured by it. In sections of 
the state that are subject to drought, it is not generally advisable to apply 
fertilizer in the furrow at heavier rates of application than 300 to 400 pounds 
to the acre, since heavier applications may cause injury to the young plants. 


VARIETIES 


The standardization of potato varieties is very important. Michigan 
potatoes have in the past been discriminated against in many instances be- 
cause of lack of standardization in uniformity of varieties and grades. The 
markets cannot handle car loads of mixed potatoes satisfactorily, and for 
this reason it is desirable that not more than one early and not more than one 
late variety be grown in a community. 

Observations and tests over the state, from both the production and market 
standpoints, indicate that the following varieties are to be recommended: 


Early 
1. Irish Cobbler. 
2. Early Ohio. 


Late 


1. Late Petoskey (Russet Rural) (Petoskey Golden Russet). 

2. White Rurals, including Rural New Yorker No. 2, Sir Walter Raleigh, 
and Carman No. 3. 

3. Green Mountain. 


The Irish Cobbler matures early. The vines are medium in size, having 
rather short jointed, dark green stems and large, medium dark green leaves. 
The flowers are light purple or rose lilac, though under hot weather conditions 
they may be nearly white. The tubers are roundish and often have the 
stem end rather deeply notched. The eyes vary from shallow to deep, par- 
ticularly in the seed end. The skin is smooth and of a light, creamy-white 
color. The sprouts are reddish violet or magenta. This variety is of good 
quality and gives a fair yield under good growing conditions. 


The Early Ohio matures a few days earlier than the Irish Cobbler. The 
yield, however, is generally somewhat less. The vines are rather erect with 
dark green stems. The flowers are white. The tubers are round-oblong 
with full, rounded seed and stem ends. The eyes are rather shallow but 
when grown under unfavorable conditions they tend to develop knobs. 
The skin is light pink with small, corky dots. The sprouts are carmine-violet. 

Seed potatoes of the Irish Cobbler and Early Ohio varieties are in demand 
by growers of the southern states. Thus far Maine, Minnesota and Wis- 
consin have been supplying the bulk of this early seed. 


The Bliss Triumph is a very early variety that is grown to some extent in 
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the Upper Peninsula. This variety is very susceptible to Mosaic and leaf- 
hopper injury and is grown successfully only under the most favorable cli- 
matic conditions. It is used extensively by southern growers for early 
plant*ng. 


Fig. 4. The Bliss Triumph is an early pink-skinned potato. 


The vines are rather erect and not much branched. The foliage and 
stems are dark green. The color of the flowers is rose-lilac. The tubers 
are small or medium size, round with rather blunt ends that usually are 
slightly shouldered. The eyes are slightly depressed and medium in 
number. The skin is a light red color. 


The Late Petoskey, also called Russet Rural and Petoskey Golden Russet, 
is the standard variety of late potato for Michigan. Over 90 per cent of the 
3,250 cars of potatoes shipped in 1921 by the Michigan Potato Growers’ 
Exchange were of this variety. Of the certified seed potatoes offered for 
sale in 1921 by Michigan growers approximately 74,000 bushels were Late 
Petoskeys, compared with 5,000 bushels Green Mountain, 2,300 bushels 
White Rurals, amd 300 bushels of Irish Cobblers. 

The Late Petoskey seems to withstand hot, dry weather conditions better 
than do most other varieties. It is also somewhat more resistant to leaf- 
hopper injury than other varieties that have a more delicate leaf tissue. 
About the only criticism against this variety is that on the heavier types of 
soil its skin is likely to be dark colored. On the sandy loam types of soil, 
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when grown and harvested under good conditions, its skin is a golden russet 
color. 

The vines of the Late Petoskey are medium-large, with the main stem 
upright and long-jointed. The lateral branches are decumbent. The stems 
are streaked with dark purple. The leaves are rather small, dark green and 
quite rough. The flowers are violet-purple. 

The tubers are round-flattened to oblong-flattened. Eyes are very shallow. 
The skin is a deep russet and much netted. The sprouts are purple. 


~ 


Fig. 5. An excellent: specimen of the Late Petoskey (Russet Rural) potato. This is the standard 
late variety for Michigan. 


The White Rurals include such varieties as the Rural New Yorker No. 2, 
Sir Walter Raleigh, and Carman No. 3. These three varieties bear a very 
close resemblance to each other in vine and tuber characteristics. 

White Rurals have practically the same growing qualities as the Late 
Petoskey (Russet Rural). Tubers of the White Rurals, however, have white 
skins. 


The Green Mountain variety is grown quite generally in the Upper Penin- 
sula of Michigan, where the growing season is usually cool and moist. This 
variety is not adapted to sections where long periods of drought are of com- 
mon occurrence. It matures about two weeks earlier than the Rural type of 
potatoes. The cooking qualities are very good. The vines are large and 
quite spreading by the end of the season. The stems are green and do not 
bear any purple markings. The flowers are white. The tubers are oblong- 
flattened or roundish-flattened; the ends are usually blunt. The skin is of a 
dull creamy-white color and is more or less netted. The sprouts are white. 
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SEED SELECTION 


Growers generally have paid little attention to the careful selection of 
seed potatoes. In many cases culls or unmarketable potatoes have been 
used for seed purposes. Continued indiscriminate planting of the screenings 
or small potatoes results in the production of poor yields, of inferior quality. 
Many potato diseases such as mosaic, leaf roll, etc., produce small potatoes. 
Growers should be sure that what small seed they use comes from strong, 
healthy and productive hills. | 

For seed purposes, potatoes should be free from varietal mixtures and 
diseases, and should come from vigorous, high yielding plants. In selecting 
seed potatoes from the bin, the grower cannot tell whether the stock selected 
came from good or poor hills. 


Fig. 8. Five hills of potatoes showing variation in yield and quality. Improve the yield and quality 
of the crop by selecting the best hills for seed purposes. 


The hill selection method of obtaining good seed is one of the most effective 
and economical ways of increasing the yield and bettering the quality of the 
potato crop. A very satisfactory way to carry out this method is to set aside 
a portion of the field as a seed plot. The area of this plot will be determined 
mostly by the acreage of potatoes ordinarily grown. An area equal to about 
one-tenth that of the total acreage will usually prove sufficient. The seed 
plot is cultivated and sprayed the same as the regular potato field. During 
the growing season the seed plot is gone over several times, and all weak, 
diseased and off-type hills, including both vines and potatoes, are removed 
from the field. This process is termed ‘“‘roguing.” It is important that the: 
last roguing be done shortly before the vines mature or before they are killed 
by frost, as some diseases such as Fusarium wilt, black leg, ‘giant hill,”’ 
etc., may not show until late in the growing season. At harvest time the 
seed plot should be dug by hand, keeping the hills separate. Those hills 
that have approximately four or more uniform sized tubers of ideal type that 
average approximately six to twelve ounces in weight should be saved and 
planted the following year in a seed plot. It should be remembered that the 
number of potatoes a hill produces is determined largely by the number of 
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stems in the hill. A productive single stem hill should produce four or more 
good tubers. A hill with two or more stems may produce six or more pota- 
toes and yet not have as good yielding qualities as the one-stem hill that 
grows four tubers. After the best hills have been saved for the next year’s 
seed plot, the poorest hills, that give low yields of poor quality potatoes, 
should be picked up and kept separate for eating purposes. Then the re- 
maining hills are harvested and saved to plant the main crop the next year. 
It has been proved that if this method of selection is followed consistently, 
it will in a few years time give increased yields of twenty per cent or more, and 
that the quality of the potatoes will be improved. 


Fig. 9. A crate of choice seed potatoes of the Late Petoskey (Russet Rural) variety. 


Seed potatoes should not be saved from those plants that have an excep- 
tionally vigorous, upright habit of growth. This type of plant termed 
“‘oiant hill” remains green very late in the season. It is quite immune to 
leaf-hopper and foilage disease injuries and is generally resistant to light 
frost. Potatoes from such plants produce poor yields of inferior quality. 

Growers whose seed potatoes contain varietal mixture and diseases, and 
which are not giving satisfactory yields would do well to buy at least a few 
bushels of Michigan Certified Seed Potatoes and grow them in comparison 
with their own stock. The tests that were made with Michigan Certified 
Seed in 1921, in Michigan and in other states, showed that the certified seed 
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gave an average increased yield of approximately 42 bushels per acre over 
seed with which it was compared. 

The inspection and certification of seed potatoes in Michigan is conducted 
by the Michigan Potato Producers’ Association in co-operation with the 
Michigan Agricultural College. Information concerning sources of the cer- 
tified seed and detailed information on the inspection and certification work 
may be secured by writing to the Secretary of the Michigan Potato Producers’ 
Association, East Lansing, Michigan. 


Fig. 10. Harvesting a field of Certified seed potatoes in Schoolcraft County. 


SEED TREATMENT 


Jontrol of Scab and Black Scurf (Rhizoctonia) 


Seed potatoes should be carefully graded, and all ill-shaped, mechanically 
injured, and partially rotted tubers should be removed before the seed is put 
in the disinfecting solution. Potatoes should be comparatively free from 
dirt before they are treated. 

Potatoes should be treated while they are dormant and before they are cut. 

Soak the potatoes for 30 minutes in a solution of corrosive sublimate 
(bichloride of mercury), the strength of which is 4 ounces of corrosive subli- 
mate to 30 gallons of water. 

Dissolve the 4 ounces of corrosive sublimate crystals in 2 quarts or so of 
hot water, and then add it to the 30 gallons of unheated water. 

Corrosive sublimate corrodes metals. It should be used in wooden ves- 
sels. A 50-gallon wooden barrel is a satisfactory container in which to soak 
the potatoes. By using two or more barrels, a large quantity of potatoes can 
be treated in a day. 

Where 100 bushels or more of potatoes are to be treated, the work can be 
done more conveniently if a wooden trough or tank that will hold 8 or 12 
potato crates is used. The potatoes in bushel crates are immersed in the 
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corrosive sublimate solution. The tank can be made water tight by lining 
it with canvas and giving the canvas a coat or two of asphaltum paint. 

The corrosive sublimate solution loses its strength with use, because the 
potatoes and dirt condense the chemical and take it out of solution. From 
one-tenth to one-fourth of the corrosive sublimate is removed with each batch 
of potatoes treated. ‘The treating solution can be kept at the proper strength 
by adding corrosive sublimate from time to time. If the potatoes are placed 
in the solution loose and are comparatively free from dirt, add one ounce of 
corrosive sublimate dissolved in one quart of hot water for each 30 gallons of 
liquid after each second batch is treated. 

If the potatoes are dirty and are treated in bags, add one ounce of corrosive 
sublimate for each 30 gallons of liquid after each batch is treated. When the 
treating solution gets very dirty, discard it and make up a fresh solution. 

One pound of corrosive sublimate will treat from 30 to 60 bushels of 
potatoes. : 

Corrosive sublimate is a deadly internal Poison. Do not pour the solution 
where livestock or poultry can get at it, and do not use treated potatoes for 
eating purposes. 

After the potatoes have been taken out of the solution they should be 
spread in a cool, shady place and allowed to dry thoroughly. It is a good 
plan to soak the bags or crates used for handling the treated seed in the cor- 
rosive sublimate solution in order to prevent any possible reinfection. 


Green Sprouting 


By being exposed to the light potatoes will develop stubby green sprouts 
that are generally an aid in securing good stands. Potatoes that are green 
sprouted come up more quickly and usually mature a crop a few days ahead 
of potatoes that are dormant when planted. The potatoes should be treated 
several weeks before planting time and put in a cool, well ventilated place 
where they will be exposed to light. 

When potatoes are left in the cellar until planting time, they often develop 
long white sprouts, and the tubers become wilted. This wilting caused by 
loss of moisture lessens the vitality of the potato for seed purposes. Potatoes 
that are green sprouted in a cool place remain quite firm well up to planting 
time. Green sprouting gives the grower a chance to recognize and throw 
out potatoes that have weak sprouts. 


Cutting the Seed 


Smooth, well shaped potatoes that average five to twelve ounces in weight 
should be selected and cut so that each seed piece will contain one or more 
strong eyes. The pieces should be blocky and should weigh from one and 
one-quarter to two ounces. Potatoes that show discoloration in the flesh 
should not be used for seed purposes. 

Where it is impossible to plant the seed as soon as it is cut, it should be 
spread out in a thin layer in a cool place that is well ventilated. Flowers of 
sulphur or gypsum can be sprinkled over it. The cut seed should be turned 
over once or twice a day until the cut surfaces are thoroughly dry. Cut seed 
when placed in bags or in piles will heat very quickly, and its sprouts will be 
seriously injured. 

Whole seed will give better stands under adverse weather and soil condi- 
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tions than will cut seed. Whole seed averaging four ounces in weight that 
was grown from vigorous, disease-free plants is quite satisfactory. Since 
many potato diseases, however, produce small tubers it is very important that 
the grower know the source of his seed stock. 


Fig. 12. The poor stand as shown in the rows on the right was due to the small cut seed pieces 
rotting in the soil. Rows on the left planted with whole seed show a good stand. 


Generally the best results are secured where the seed is planted as fast as 
it is cut, provided it is placed in cool, moist soil. Freshly cut seed when put 
in a hot soil or cold, wet soil is likely to rot before the sprouts can take root. 
The moisture on the cut surfaces under unfavorable soil conditions aids in 
promoting the growth of vegetable rotting bacteria. In 1921 many potato 
ae in the state were complete failures due to freshly cut seed rotting in the 
rot soil. 
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PLANTING POTATOES. 
Time of Planting 


The time of planting varies according to the variety grown, and to the 
locality and season. Early varieties produce marketable potatoes in about 
60 to 90 days from planting time. The late varieties require approximately 
100 to 130 days to mature a crop. 
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Fig. 13. Chart showing average date of last killing frosts in spring. 


Early varieties are generally planted as soon in the spring as the soil can 
be fitted in good condition. If planted too early, the seed pieces may rot in 
the wet, cold soil, and the tops may be injured by late frosts. The early 
crop is often planted about two weeks before the average date of the last 
killing frost in the spring. 

Late potatoes should be planted in time so that the crop will mature before 
the average date of the first killing frost in autumn. Planting time usually 
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begins in late May, in Michigan, and continues to late June. The largest 
part of the crop is planted before the 15th of June. 

In those sections of the state that have longer growing seasons than are 
required to mature the crop, the time of planting the late crop should be 
largely determined by the climatic conditions that can normally be expected. 
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Fig. 14. Chart showing average date of first killing frost in autumn. 


Many sections of the state are subject to periods of drought during July and 
the first half of August. The critical period in the life of the potato plant is 
when it is setting its tubers. If tubers set during a hot, drv spell, the yield 
is likely to be low. In many sections, late potatoes are usually planted about 
the middle of June so that they will be setting tubers during the latter part 
of August and first half of September, when temperature and moisture condi- 
tions are generally more favorable for potato growing. 
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Depth of Planting 


The depth of planting will be governed mostly by the character of the 
soil, and by the time of planting. For the late crop on the lighter types of 
soil the sets are placed to a depth of 4 to 6 inches, while on heavy soils a depth 
of 3 to 4 inches is sufficient. In very early planting the depth should be 
less than in late planting because of colder soil and weather conditions. 

It is important that the seed pieces be placed sufficiently deep to be in 
cool, moist soil and so that they will not be disturbed by subsequent tillage 
with a spike-tooth harrow or weeder. 


Planting Distance 


The natural fertility of the soil, together with its moisture-holding ca- 
pacity, will determine largely the distance of planting. On fertile soils that 
are well supplied with humus, potatoes can be planted closer than they can 
on soils that are deficient in plant food and humus. Early varieties of pota- 
toes are generally planted somewhat closer than late varieties, since the vine 
growth of the early kind is not usually as large as that of late varieties. 
High price of seed may act as a factor in causing a wider spacing of the plants. 

On the lighter types of soils it is quite a common practice in this state to 
plant potatoes in check rows that are 36” x 36” apart. This method is exten- 
sively used by growers who plant with the hand planters and who dig the 
crop with forks. On land that is infested with quack grass or Canada thistles 
it is much easier to keep the field clean by cultivating both ways. The 
practice of planting in check rows is not generally recommended. When 
the plants are spaced so far apart they are likely to develop oversized, rough 
tubers that in many seasons are hollow. When soil conditions permit, it is 
better to plant the potatoes in drills, with the rows approximately 36 inches 
apart, and the hills 12 to 24 inches apart in the row, depending upon the 
fertility of the soil. The drill method of planting generally produces a larger 
yield of medium sized, marketable potatoes and reduces the amount of over- 
sized tubers. In tests conducted in Wexford county on light soils where 
plots planted 36” x 36” were compared with plots planted 36” x 18”, the 
closer planting gave an increased yield of 38 bushels per acre. The potatoes 
from the closer planting were also of much better market quality. 

The amount of seed required to the acre depends upon the distance of 
planting and the size of the seed piece. With rows 36” x 36” apart, if seed 
pieces averaging one and one-half ounces are used, approximately 8 bushels of 
seed to the acre will be required. Approximately 15 bushels of seed cut to 
one and one-half ounce seed pieces will be needed to plant an acre when the 
rows are 36” apart with the hills 18” apart in the row. 


Planting Tools 


On land that is free from stumps and large stones, machine planters will 
prove very satisfactory. They will deposit the seed at a uniform depth and 
will cover it at once with moist soil so that it will not dry out. Where a 
grower plans to grow five acres or more of potatoes, he is usually warranted 
in buying a planting machine, which will enable him to plant four or five acres 
of potatoes a day. 

There are two general types of machine planters. ‘The one-man or picker 
type in which the seed is automatically picked up and dropped by forks that 
are attached to a revolving vertical disk, and the two-man or platform type 
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of planter in which the seed pieces are fed onto a revolving platform. With 
this type of machine a man or boy sits on the back of the machine and sees 
that each pocket of the revolving platform contains one seed piece. The 
two-man type of planter, if properly handled, will make less than one per 
cent of misses. The picker or one-man type is likely to make five to twenty 
per cent misses, and for this reason the two-man type of machine is generally 
preferred. 

Most mechanical planters have fertilizer attachments that distribute the 
fertilizer in the bottom of the furrow and cover it with soil so that the seed 
pieces do not come in contact with it. 

The hand planter or “‘jabber”’ is used extensively in the northern counties. 
It is particularly useful when planting potatoes on new land. When planting 
with the hand planter the rows are generally marked out both ways with a 
marker, and the potatoes are planted at the intersection of the marks. A 
man can plant about one acre of potatoes a day with a hand planter if the 
soil is mellow and well prepared. If the operator takes care to plant the sets 
deep enough so that they will be in moist soil, very effective work can be done 
with a planter of this type. 
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Fig. 15. Chart showing length of growing season in days, 
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If potatoes are planted by hand, a good implement with which to open the 
furrows is a wing shovel plow. Such a plow makes the furrows narrow at the 
bottom and the seed pieces can be planted in a straight line. The furrows 
should be opened just before the seed is dropped and should be covered at 
once, so as to keep the soil cool and moist and to prevent the seed pieces from 
being exposed to the sun and wind. The seed may be covered with a hoe or 
with a shovel plow. 


CULTIVATION 


Shortly after the field is planted it should be gone over with a spike-tooth 
harrow or a drag, lengthwise of the rows. This operation should be repeated 
several times before the plants get well above the ground, so that weeds and 
grass will be killed and a soil mulch maintained. 

When the plants are large enough so that the rows can be easily seen, a cul- 
tivator should be used. ‘The first cultivation should be deep and quite close 
to the plants. Frequent cultivations must be given to keep down weeds and 
grass and to provide a soil mulch. Each subsequent cultivation should be 
shallower and farther away from the plants than the one preceding it. By 
the time the plants are eight to twelve inches high, their roots extend well 
into the middle of the rows, and deep cultivation will cut many of the roots 
and reduce the yield. Cultivation should ordinarily cease after the plants 
are in full bloom and the tubers have set. 

The riding or sulky cultivators are often preferred over the one-horse 
walking cultivators since they can be regulated to work at a uniform depth, 
and generally do less damage to the potato roots than the walking type of 
cultivator. 

On light soil that is comparatively free from thistles, etc., narrow or peg- 
teeth are generally used. On heavier soils and on those in which there are 
serious weeds, wider teeth should be used. 

On soils that are well drained, level cultivation is usually preferable to 
ridging or hilling the potatoes. The ridging method is used to some extent 
in the Upper Peninsula where there is ample rainfall, but in sections where 
drought is of common occurance soil that is ridged dries out more quickly 
than soil that is kept level, with the result that the yield is often greatly 
reduced. 


SPRAYING 


The green leaves of the potato plant are largely responsible for the develop- 
ment of the tubers, for it is in the green leaves that starch and other elaborate 
food substances that go into the making of the tubers are made. In a large 
measure, the yield of potatoes is limited by the amount of healthy green leaf 
area that the plant possesses. If insects or fungous diseases destroy even a 
small portion of the green leaves, the yield of potatoes will be materially 
reduced. 

The green leaf area can be saved from the ravages of insects and diseases 
that attack the foliage by spraying the plants thoroughly with arsenicals, 
bordeaux mixture, etc. 


12 
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Time and Number of Applications 


The first spray application should be made when the plants are about four 
inches high. Other applications should follow at intervals of approximately 
ten days or two weeks throughout the growing season. The frequency of 
the applications will be determined largely by weather conditions and by 
the prevalence of injurious insects. In rainy seasons it may be necessary to 
spray more often than at the intervals mentioned, since the bordeaux mixture 
may be washed off the leaves by frequent rains; also, the late blight disease 
is more likely to develop during periods of wet, muggy weather. Serious 
outbreaks of insects would also warrant more frequent applications. 

Usually at least five applications will be required to control insect pests and 
fungous diseases. 


Fig. 16. Spraying should be continued late in the season. Very little injury is done by the wheels 
of the machine. 


Spraying Machine Essentials 


The spray machine used should be capable of maintaining a pressure of at 
least 170 pounds, so that the spray material will be thrown from the nozzles 
in the form of a dense mist. When the plants get large, approximately 100 
gallons of spray material will be required to the acre. When the plants are 
small, 50 gallons or so will be sufficient. The machine should be equipped 
with two or three nozzles to the row, placed so that the spray will reach both 
the under and upper surfaces of the leaves. It is very essential that the 
lower surfaces of the leaves be protected with the spray, since most insects 
and fungous diseases begin their attacks on the under sides of the leaves. 

The machine must have an efficient mechanical agitator, which will keep 
the spray mixture thoroughly stirred. 
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Fig. 17. The elevated mixing platform lessens the labor: of filling the spray tank. 


Spray Materials to Use 


In addition to arsenical poisons for the control of leaf chewing insects, 
every spray application should contain bordeaux mixture (4-4-50) for the 
control of hopperburn, early blight, and late blight. 

Hopperburn, also called tipburn, is caused by leafhoppers. They are pale 
green insects that live mostly on the under sides of the leaves where they feed 
by sucking the plant juice, causing the leaves to curl upward and turn black 
at the tips and margins. Leafhoppers appear in potato fields about the 
middle of June and breed in them throughout the season. Bordeaux mix- 
ture aids in warding off serious attacks of the leafhoppers and helps to keep 
the plants green. Leafhopper injury is most pronounced late in the season. 
It is very important that the bordeaux applications be continued until the 
end of the growing season. The small amount of injury to the vines caused 
by the wheels of the spray machine is of little consequence. Do not cease 
spraying because the vines are rank. 

The leafhopper is one of the most serious pests that attacks the potato. 
It is largely responsible for the average low yields that are secured in this. 
state. In 1921 many potato fields were dying from leafhopper injury or 
hopperburn during August and September, right at the time when they should 
have been in a healthy, green condition. 

Hopperburn is usually most severe in hot, dry weather. Bordeaux mix- 
ture does not kill the leafhopper but it does act as a repellant. It has been 
found that in hot, dry weather the bordeaux mixture acts as a stimulant to 
the potato plants, and in a small degree counteracts the effects of adverse 
weather conditions. 

Early blight is a fungous disease that is most serious during periods of 
hot, dry weather. It produces target-like markings on the leaves and reduces 
the yield of tubers. 
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Late Blight causes rotting of the leaves and stems and may also cause a 
rotting of the tubers. The attacks occur during cool, wet seasons. Thorough 
spraying with bordeaux mixture before these diseases appear is essential for 
their control. 

Colorado Potato Beetle: This insect causes serious losses every year. 
Growers should secure poisons early in the season, and have everything ready 
so that spraying can be done at the first appearance of the young bugs. 
If spraying is delayed until the bugs are five or six days old, a poison spray 
of much greater strength will be required. 


Add one to one and one-half pounds of calcium arsenate to every 50 gallons 
of bordeaux mixture. Before the calcium arsenate is added to the bordeaux 
mixture it should be mixed with a small quantity of water until it is free from 
lumps and is of the consistency of thin cream. While calcium arsenate is 
recommended in preference to arsenate of lead powder, if the latter is used it 
should be combined with the bordeaux at the rate of one and one-half to two 
pounds to 50 gallons. While paris green is not to be preferred, if used, it 
should be combined with the bordeaux at the rate of one-half to one pound to 
50 gallons of the mixture.* 


Flea Beetles: These small black insects often damage the crop severely 
by riddling the leaves with small holes. Bordeaux mixture and calcium 
arsenate or arsenate of lead will repel their a ttacks. 

Aphids or lice suck the juice from the under sides of the leaves. Add one- 
half pint of forty per cent nicotine sulphate solution to each 50 gallons of 
bordeaux mixture and apply the spray so that it will actually hit the lice. 
Spray applications containing nicotine sulphate should be applied as soon as 
possible after the lice are first noticed in the field. 

Tomato Worms: ‘These insects can be controlled when they are small with 
the same poisons that are used for the Colorado Potato Beetle. If spraying 
is delayed until the worms are half grown, add two and one-half pounds of 
calcium arsenate to every 50 gallons of bordeaux. 


How to Make Bordeaux Mixture 


Bordeaux mixture (4-4-50) is made as follows: Dissolve 4 pounds of copper 
sulphate (blue vitrol) crystals in a wooden barrel containing 25 gallons of 
water. Put the crystals in a burlap bag and suspend the bag so that the 
crystals are just under the surface of the water. It will require several hours 
for them to dissolve. 

In a separate barrel, slake 4 pounds of stone lime by adding small quanti- 
ties of water to it, so that the lime crumbles into a fine powder. Gradually 
add more water until the lime is of the consistency of thin cream. Then add 
water to make 25 gallons. When stone lime is not available, hydrated lime 
may be used in the proportion of 6 pounds of lime to 4 pounds of copper 
sulphate to 50 gallons of water. 

Pour the copper sulphate solution (25 gallons) and the lime solution (25 
gallons) together through a fine meshed strainer into the spray tank and 
apply it to the potatoes at once. 

Where several acres of potatoes are to be sprayed, stock solutions of copper 
sulphate and lime should be made. Dissolve 50 pounds of copper sulphate in 


*Kedzie mixture or arsenite of calcium is recommended by Prof. R. H. Pettit, Entomologist, Michigan 
Agricultural College, for the control of the Colorado Foute Beetle and the flea beetle. See Michigan 
Agricultural Experiment Station Special Bulletin No. 114. 
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50 gallons of water. In a separate vessel slake 50 pounds of stone lime or 
75 pounds of hydrated lime and add water to make 50 gallons. These stock 
solutions will keep in good condition for several weeks if they are kept 
covered to prevent evaporation of water, and will be sufficient to make 
625 gallons of bordeaux mixture. 

It will require approximately 100 gallons of bordeaux mixture per acre for 
each application. Growers should estimate the number of pounds of copper 
sulphate and lime that they will require and should secure it early in the 
season. 

Stir each of the stock solutions vigorously. Fill the spray tank (100 gallon 
tank) half full of water. Pour into the spray tank 8 gallons of the lime solu- 
tion and stir thoroughly. Add water until the tank is about three-fourths 
full. Then add 8 gallons of the copper sulphate solution. Stir thoroughly 
and add enough water to fill the tank. Never pcur together the strong stock 
soluticns. 

Every effort should be made to keep splinters, dirt, ete., out of the spray 
tank. Use a hardwood stirring stick and remove all loose splinters from 
inside the stock solution barrels. All material put in the spray tank should 
be poured into it through a fine meshed sieve. 


Fig. 18. Results of spraying with bordeaux mixture. Yield from unsprayed plot 176 bu. per acre. 
Yield from plot sprayed with bordeaux 319 bu. per acre. Photo by K. K. Vining. 
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HARVESTING 


Potatoes are harvested after the vines mature, or after they are killed by 
frost. The bulk of the crop in this state is harvested during the month of 
October. 

If possible potatoes should be dug during cool, clear weather and the soil 
should be comparatively dry. After the potatoes are dug they should be left 
on the ground for a few hours so that they will dry and their skins toughen. 

Much of the crop in this state is dug with forks; one man can dig about 
one-eighth to one-half acre a day. On fields that are free from stumps and 
large stones, the mechanical diggers of the elevator type will shorten the har- 
vesting period and will reduce much of the laborious work. With a good 
digging machine a man can dig three to six acres a day. 

Every effort should be made to harvest the crop so that the percentage of 
mechanically injured potatoes is reduced. One of the most common criti- 
cisms on the market against Michigan potatoes is the large percentage of 


Fig. 19. A digging machine shortens the harvest period and lessens the laborious work. 


potatoes that are fork punctured, cut, or bruised. Such injuries favor the 
development of soft and dry rots in storage. 

More attention should be paid to grading in the field. Ill-shaped, cut or 
fork-punctured potatoes should not be picked up with the good stock. Pota- 
toes are generally picked up in bushel crates and are hauled to market or to 
storage cellars. Hauling the potatoes to storage in crates instead of in bulk 
will lessen much of the mechanically injured stock. 

If potatoes are quite immature when they are dug, it is a good plan to place 
them in piles of 40 to 50 bushels and cover them with straw to prevent frost 
injury. After a few days the potatoes will have gone through a curing process 
and will keep better when placed in storage. 

Fields that have been injured by late blight should not be dug for a week 
or more after the vines have died. This delay of harvesting will allow many 
of the infected tubers to rot in the soil instead of in storage and will lessen 
the amount of storage rot. 
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GRADING 


The careful grading of potatoes as to size and quality is essential. Pota- 
toes of high quality that are carefully graded generally bring a premium over 
potatoes that are not well graded. There is always a good demand for the 
best quality stock. 

It is a good plan to grade potatoes over a mechanical sorter before they are 
placed in storage. This process removes much of the dirt from the potatoes 
and separates the culls from the marketable stock. The mechanical sorter 
will grade potatoes as to size, but the task of removing ill-shaped, scabby or 
mechanically injured potatoes rests with the operator. 

Not only is it important that potatoes be graded, but it is equally as im- 
portant that the grades be standardized, so that buyers and sellers of potatoes 
will have a common basis on which to do business. 

The following standard grades are recommended by the U. 8. Department 
of Agriculture. (Department Circular 238, July, 1922.) ; 


Ui SeNor sl 


U.S. No. 1 shall consist of potatoes of similar varietal characteristics which 
are not badly mis-shapen, which are free from freezing injury and soft rot, 
and from damage caused by dirt or other foreign matter, sunburn, second 
growth, growth cracks, hollow-heart, cuts, scab, blight, dry rot, disease 
insects, or mechanical or other means. 

The diameter of potatoes of round varieties shall not be less than one and 
seven-eighths inches, and of potatoes of long varieties, one and three-fourths 
inches. 

In order to allow for variations incident to proper grading and handling, 
not more than five per cent, by weight, of any lot may be below the pre- 
scribed size, and, in addition, not more than six per cent. by weight, may 
be below the remaining requirements of this grade, but not to exceed one- 
ue of this six per cent tolerance shall be allowed for potatoes affected by 
soit rot. 


U. S. No. 1 Small 


U.S. No. 1 Small shall consist of potatoes ranging in size from one and 
one-half inches to one and seven-eighths inches in diameter but meeting all 
the other requirements of U. 8. No. 1. 

In order to allow for variations incident to proper grading and handling 
not more than twenty-five per cent, by weight, of any lot may vary from the 
prescribed size, but not to exceed one-fifth of this tolerance shall be allowed 
for potatoes under one and one-half inches in diameter. In addition not more 
than six per cent, by weight, may be below the remaining requirements of 
this grade, but not to exceed one-third of this six per cent tolerance shall be 
allowed for potatoes affected by soft rot. 


U.S. No. 2 


U.S. No. 2 shall consist of potatoes of similar varietal characteristics which 
are free from freezing injury and soft rot, and from serious damage caused 
by sunburn, cuts, scab, blight, dry rot, disease, insects, or mechanical or 
other means. 
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The diameter of potatoes of this grade shall be not less than one and one- 
half inches. 

In order to allow for variations incident to proper grading and handling, 
not more than five per cent, by weight, of any lot may be below the pre- 
scribed size, and, in addition, not more than six per cent, by weight, may be 
below the remaining requirements of this grade, but not to exceed one-third 
of this six per cent tolerance shall be allowed for potatoes affected by soft rot. 


U.S. Fancy No. 1 


U.S. Fancy No. 1 shall consist of potatoes of one variety which are mature, 
bright, well shaped, free from freezing injury, soft rot, dirt or other foreign 
matter, sunburn, second growth, growth cracks, hollow-heart, cuts, scab, 
blight, dry rot, disease, insect or mechanical injury, and other defects. The 
range in size shall be stated in terms of minimum and maximum diameters or 
weight following the grade name, but in no case shall the diameter be less 
than two inches.t 

In order to allow for variations incident to proper grading and handling, 
not more than five per cent, by weight, of any lot may vary from the range 
and size stated, and, in addition, not more than six per cent, by weight, of 
any lot may be below the remaining requirements of this grade, but not to 
exceed one-third of this six per cent tolerance shall be allowed for potatoes 
affected by soft rot. 


DEFINITION OF TERMS 


As used in these grades: 


“Mature” means that the outer skin (epidermis) does not loosen or 
“feather” readily during the ordinary methods of handling. 


“Bright”? means free from dirt or other foreign matter, and from damage or 
discoloration from any cause, so that the outer skin (epidermis) has the 
attractive color normal for the variety. 

‘Well shaped”? means the normal, typical shape for the variety in the 
district where grown, and free from pointed, dumb-bell shaped, excessively 
elongated, and other ill-formed potatoes. 

“Diameter”? means the greatest dimension at right angles to the longi- 
tudinal axis. 

“Free from damage” means that the appearance shall not be injured to 
any extent readily apparent upon casual examination of the lot, and that 
any damage from the causes mentioned can be removed in the ordinary process 
of preparation for use without appreciable waste in addition to that which 
would occur if the potato were perfect. Loss of outer skin (epidermis) shall 
not be considered as an injury to the appearance. 

‘“‘Badly mis-shapen”’ means of such shape as to cause appreciable waste in 
the ordinary process of preparation for use in addition to that which would 
occur if the potato were perfect. 

“Free from serious damage” means that any damage from the causes men- 
tioned can be removed by the ordinary process of preparation for use without 
a waste of ten per cent or more, by weight. in addition to that which would 
occur if the potato were perfect. 

+Such statements as the following will be considered as meeting the requirements: “U. S. Grade 


eee 2 to 33 inches,” “U.S. Grade Fancy, 10 to 16 oz.,” ‘‘U. S. Grade Fancy, 2 inches and larger,” 
“U.S. Grade Fancy, 10 oz. or larger.”’ 
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STORAGE 


Potatoes that are to be stored should be sound, dry, and quite free from 
dirt. The temperature of the storage cellar must be high enough to protect 
the potatoes from frost and low enough to hold the tubers dormant. A 
temperature of 35° to 40° F. keeps the potatoes in good condition. 


Fig. 20. A satisfactory farm storage cellar. (Cold air is taken in at the bottom of the cellar by means 
of a 12 inch pipe. The moist heated air is removed through the ventilator pipes in the roof. 


Potatoes are constantly giving out moisture and various gasses, and there 
must be an adequate system of ventilation that will carry off the foul, moist 
air and replace it with fresh air. When potatoes are first put in storage they 
go through a sweating process, and unless the temperature of the storage 
house is lowered quickly and plenty of fresh air is admitted the potatoes are 
likely to heat and rot. The temperature of the storage house can be lowered 
by keeping the windows and doors open on cool nights and closing them early 
in the morning. 

Potatoes should not be stored in piles more than 6 feet deep unless pro- 
vision is made for aerating the piles. Potatoes must have a constant supply 
of oxygen. In large deep piles, sufficient fresh air cannot get to the tubers, 
and much damage is caused by the potatoes becoming overheated. Aeration 
of large piles of potatoes can be provided for by placing ventilated division 
walls throughout the pile at intervals of 6 or 8 feet as the potatoes are put in 
the bin. These division walls may be made from 2” x 6” uprights with 1” x 4” 
strips nailed on either edge. A one inch space should be left between each 
strip. 

Potatoes are injured for food purposes if they are exposed to light. All 
light should be excluded from the storage cellar. 

Potatoes can be stored in pits quite satisfactorily. The pits should be 
located on high, well drained soil and should be about 8 to 12 inches deep. 
The potatoes should be placed in long narrow piles and should be piled in a 
ridge of inverted V shape. 
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Ventilation may be provided by putting in wooden flues that extend from 
near the bottom of the pit to well above the covering of the pit. In freezing 
weather, the top openings of the ventilators must be closed. 

During the first few weeks of the storage, while the weather is mild,the 
potatoes should be covered with a layer of straw and only sufficient soil to 
exclude the light and frost. As the weather grows colder more soil should be 
added. Before freezing weather occurs an additional heavy layer of straw 
and another layer of soil should be added. Each layer of straw should be 
well packed and should be 8 inches or more thick. Each layer of soil should 
be from 6 to 8 inches deep. After the outer layer of soil has frozen the entire 
pit may be covered with a layer of coarse stable manure. 
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Fig. 21. Cross section of a potato pit. (U. S. D. A. Farmers Bul. 847.) 


PRUNING FRUIT TREES 


Special Bulletin No. 118 


BY ROY E. MARSHALL 


Most fruit growers will agree that tree growth and fruit production are 
regulated to a considerable extent by pruning practices, but there is much 
confusion as to the amount and kind of pruning that should be employed to 
give the desired results. Experiment Station investigators are gradually 
working out various phases of the pruning problem, but it will probably be 
many years before definite rules can be formulated relative to the training 
and pruning of all kinds and types of fruit trees. 

Yet, while these problems are being solved, trees must be pruned. It is 
the main purpose of this bulletin to present some of the underlying principles 
which the fruit grower should constantly keep in mind, and to show how these 
principles may be applied to such trees as are commonly found in Michigan. 


SOME GENERAL PRINCIPLES AND PRACTICES 


Throughout the discussion of pruning practices certain terms are used 
more or less frequently, and it it well that an understanding be had of these, 
together with the general principles involved. Again, certain practices are 
applicable, in a general way, to all kinds of deciduous fruit trees, and these 
may be briefly discussed before taking up more detailed consideration of the 
handling of specific kinds of fruit trees. 

Thinning—The removal of an entire branch, limb, twig or spur is referred 
to as thinning or “thinning out.” Thinning results in a less crowded con- 
dition throughout the tree, and it usually permits a greater amount of light 
and a freer circulation of air in the interior portions. This kind of pruning 
generally encourages the formation of fruit spurs and discourages the de- 
velopment of lengthy side branches or laterals. It favors the development 
of an extensive fruiting system, but continued thinning with some kinds and 
varieties of fruits eventually leads to the formation of wide-spreading or 
rangy trees that are expensive to handle and that are unable to carry their 
crops without artificial supports. 

Heading—When the tip or any larger portion of a branch is removed, the 
process is known as heading or ‘“‘heading back.”’ This type of pruning is 
practiced when branches are growing out of bounds; when one part of the 
tree is growing more rapidly in proportion to the tree as a whole than is de- 
sired; to encourage the development of the framework branches of the tree at 
such ‘points as they are desired, and to avoid a rangy type of growth. The 
heading back of a vigorous shoot usually results in the formation of several 
strong-growing lateral shoots and few fruit spurs the succeeding year. Hence, 
it promotes the formation of a compact head. In other words, heading back 
has more to do with the development of form of tree than with the develop- 


364 STATE BOARD OF AGRICULTURE 


ment of a fruiting system, and is practiced to a greater extent with young 
trees than with those in bearing. Heavily headed back young trees should 
not be expected to attain greater size than those headed lightly or not at all— 
in fact, if continued for several years, the gross effect is an undersized tree, 
as well as one late in coming into fruit production. 

This division between thinning and heading is somewhat artificial. In 
other words, a single pruning cut may result in a thinning out as well as a 
cutting back. This is frequently the case when three- or four-year-old wood 
is being removed from peach trees and the cuts are made close to a lateral of 
the former parent branch. 


FicurEl. Equal heading back of Figure 2. A four-year-old plum tree of 
all branches results in Y-shaped the European group which has been headed 
crotches such as are shown at X and : : ; 
throughout this apple tree. A tree back entirely too much and in which weak 
pruned like this develops a number crotches are encouraged to form by equal 
of growths from buds near the ends cutting back of branches arising from a com- 
of the remaining branches and heavy : oie 2 : 
thinning must follow the next year. mon point. This tree is a very good illustra- 
Neither a strong tree nor early bear- tion of the open-center type of training. 
ing result. 


Heading Back May Maintain or Destroy Balance Between Branches— 
Two branches that have made practically the same amount of growth are 
often found growing from a common point. If left unpruned or if headed 
back to the same length, the amount of growth from each the following year 
will be approximately equal. If one branch is cut several inches shorter 
than the other, the longer one will give rise to more growth the following 
years, and eventually the shorter one will become a side branch of the longer, 
as naturally occurs if one branch is longer than the other and no pruning takes 
place. Thus, equal cutting back of branches arising from a common point 
results in equal growth, and unequal cutting back results in unequal growth. 
Furthermore, when two branches of equal size emerge from a common place 
in such a way as to form a sharp “‘Y,” a weak crotch results unless steps are 
taken to strengthen it. Equal cutting back of these two branches will not 
better the condition, but unequal cutting back, leaving one considerably 
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longer than the other, will encourage the longer one to become a leader or 
main branch, and the other will eventually become a lateral or side branch, 
The crotch is strengthened and splitting in later years is avoided. 

Long Pruning—Recently the attention of some fruit growers has been 
directed to a kind of pruning, very popular in California, known as “long 


oS 


: 
Le 
, 
‘ 
ay 
; 
a 
gt 
5 
i 


Ficure 3. A portion of an unpruned apple tree showing 
growth response near the places where heavy cuts were for- 
merly made. Note that several branches have developed from 
the vicinity of cuts made in past years near the crosses. Some 
of the prow hg should have been thinned out one year after the 
heavy heading. 


pruning,”’ and it may be well to state briefly the meaning of this term. Prun- 
ing as commonly practiced on the Pacific Coast, until quite recently, con- 
sisted of some thinning-out and a very heavy heading back (removal of 50 
to 75 per cent of each new branch) of the new growth each year. This re- 
-sulted in devotion by the trees of too large a part of their energies to the 
growth of long shoots and not enough to fruit production, and the fruiting 
wood on the interior portions of the trees was often shaded out by the dense 


366 STATE BOARD OF AGRICULTURE 


top. Fruit growers have found that they can reduce this excessive wood 
growth and increase the fruitfulness of their trees by practicing a ‘‘thinning- 
out,” and they thus discontinue the former severe “heading.” Since the 
new growth is left without heading, the result is a tree very different in ap- 
pearance from the former heavily cut-back one, and hence the term “long- 
pruning.” 

Results are Localized—Generally, the greatest growth response takes 
place in the immediate vicinity of a pruning cut. This is noticeable where a 

large branch has been removed, result- 

ing in the formation of numerous water- 
sprouts near the point of removal. In 
like manner, if a branch or shoot is cut 
back, a few laterals (side branches) will 
usually develop near the end of the headed- 
back branch, although some response may 
be noted some distance away. The re- 
moval of a branch has comparatively little 
' direct effect on the tree as a whole. If, 
then, it is desirable to renew vegetative 
growth throughout the tree, the cutting 
must be distributed throughout the entire 
tree. _ Work confined to the outer parts of 
the tree will give direct response in those 
parts, but will generally indirectly affect 
the central parts by admitting more light 
and permitting a freer circulation of air. 

The careful pruner should keep these facts 

in mind in all pruning practices. 

Conservation of Fruiting Wood—There 
is a strong tendency among pruners to re- 
move all the fruit spurs and short shoots 
from the young trees, especially from the 
scaffold branches, as they are thought to 
be of no use. However, experience shows 
that, if allowed to remain, these are pro- 
ductive of the first fruit of the tree. If 
they are removed, the tree will not come 
into early bearing. Some pruners think 
that these small twigs will only be in the 
way in later years. These fruiting bran- 
Ficure 4. Such fruit spurs and short ches seldom reach a length of more than 

growths as are seen in the interior of this % r 

three-year-old Grimes Golden should not @ few inches, and if they do they may be 

uf the Svat ruite and fies eee ieanertee shortened. Even if some are broken off 

fo,cornh am, exeply jGistibuted ved of from time to time, it will certainly pay 
ing since planting. well to leave and preserve a liberal supply 
of them as long as possible. 

How to Remove a Branch—So much emphasis has been placed by many 
writers upon right and wrong methods of removing branches that it would 
seem unnecessary to mention these again, but some growers are still very 
careless in this operation. The wound resulting from the removal of a branch 
will heal much more rapidly if the cut is made close to and almost parallel 
with the main stem. If removed even a slight distance beyond the parent 
branch, the result is a slow healing wound. If a stub is left, it usually dies 
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and heart rot eventually develops in the parent branch. If is often advisable 
first to saw in for a short distance on the under side of large branches so as to 
prevent the splitting down and peeling of bark from the parent branch when 
the branch is nearly sawed through. 

Time of Year for Pruning—Pruning is ordinarily done during the dormant 
season. Slight preference should be given to that done in late winter or 
early spring because the wounds heal more readily; but if all pruning is left 
until such a time, the work may not be completed because of the rush of other 
farm practices in early spring. Consequently, any favorable weather, after 
the dropping of the foliage in the fall and before the opening of the buds in 
spring, may be utilized for pruning. If one has a large acreage, he should 


Ficure 5. The fruit spurs and other growths have been re- a 
moved from the interior and lower portions of this apple tree, 
hence the opportunity for early fruit production has been sacri- 
ficed and the bearing capacity of the tree has been materially 
decreased. Again, an originally low-headed tree has in reality 
become high headed. 


start work in the older apple and pear trees during the early winter, and 
reserve the stone fruit and younger trees for late winter and spring pruning. 
It is believed that pruning done during any weather that is suitable for the 
pruner will result in no ill effects. However, it is possible that heart rot, 
die-back, bruising, splitting, etc., may result from pruning frozen wood. 
Summer Pruning has received much attention from professional horti- 
culturists, but the results have been rather confusing to the average fruit 
grower. While judicious summer pruning may result in the saving of a year 
or more in building the framework of the young tree and in stimulating fruit 
bud formation in some cases, the average grower should refrain from employ-. 
ing such practices until a better understanding of the matter is. reached, 
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However, watersprouts and a few superfluous branches may be removed to 
advantage during the summer months. 

Pruning Tools—Two tools are essential for pruning work: a pair of small 
hand shears and a saw. With these two tools a pruner can do practically all 
of the work that will be required in bearing trees and most of the work in 
young trees. 

The shears should be made of the best material obtainable, as cheap shears 
are easily sprung. A good pair of steel shears will withstand heavy work for 
several years. The shears should be seven to ten inches in length, nine being 
the size usually preferred. 

The saw should be so constructed as to cut rapidly, leave a smooth cut, be 
as light as is consistent with rigidity and good lasting qualities; and it should 


Figure 6. Pruning tools. (1) A good type of saw. (3) Saw with two cutting edges. (5) Saw 
with teeth set to cut ‘“‘on the pull.”’ A light, inexpensive and rapid cutting tool. (2) An excellent 
type of hand pruning shears. (4) Hand shears with coil spring. Not as satisfactory as No. 2. 


have a hand grip that will not tire or cramp the hand or wrist. A saw on 
which the teeth are set to cut on the ‘‘pull’” is less tiring to the pruner. Saws 
with teeth on both edges are objectionable, as they usually are poor in cut- 
ting quality and frequently injure bark on the permanent branch. 

A pair of lopping or wooden handled shears often facilitates the work about 
young trees and about the lower parts of old trees. It isa somewhat awkward 
tool to use in the upper parts of bearing trees. Such shears should be about 
20 to 26 inches in length and of double leverage. 

Pole pruners, six to ten feet in length, enable the pruner to work the tops 
of trees five to ten years old to better advantage. They should not be used 
where it is possible to employ the other tools, because work with the pole 
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pruner is, at best, very slow, and the cutting cannot be done as precisely as 
with other tools. 

Wceund Dressings—It is considered good practice to paint wounds larger 
than one and one-half to two inches in diameter with a good white lead to 
which some kind of antiseptic has been added. An ounce of cyanide of mer- 
cury or bichloride of mercury may be dissolved in a little turpentine and 
thoroughly mixed with a gallon of the paint. A charcoal, brush, grafting 
wax, such as is used in bridge grafting, makes an excellent covering. See 
Michigan Experiment Station Circular No. 14, Revised. 


TYPES OF TRAINING FOR FRUIT TREES 


Fruit trees may be developed according to any one of several different 
styles of training during the non-bearing, vegetative, or formative period, 
but we are chiefly concerned with 
the three more commonly ac- 
cepted systems. 

The Central Leader or Pyra- 
midal Tree system has long been 
in use, and since it is the easiest 
to develop, it will receive first con- 
sideration. The central branch 
is allowed to ascend year after 
year with little or no cutting back, 
while the lateral scaffold or main 
branches are kept somewhat 
shorter by greater or less head- 
ing. As a result, the lateral 
branches are considerably smaller 
than the central axis, and crotches 
are formed which seldom split. 
Strong trees result, but it is very 
difficult to keep them opened 
sufficiently to permit light to 
penetrate to the inner parts, and 
the tops usually become too high 
to permit orchard operations to 
be conducted economically. This 
system is not favored by many 
present-day fruit growers. 

The Open Center Type of tree 
usually has three to five scaffold 
branches well distributed around 
the trunk and extending outward 
and upward from it to form the 
framework. The leader or up- 
right branch is removed, usually 


the first year. These three to cee: venice Diana ee ae 
five main branches are cut back  Relght, Ghown at x) in this open-center type, thus 
to approximately the same height Later, a pocket or cavity will develop which will 
after the first season’s gr owth, OLEE ete ae dirt and eventually result in heart 
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and this equal heading of all branches is continued until the framework is com- 
pleted. In other words, each of the scaffold branches is given equal promi-: 
nence, and any tendency of one to outgrow the others is suppressed. The 
center is kept sufficiently open to permit the 
penetration of light throughout the tree. 
The result is a spreading tree, sufficiently 
open to permit good coloring of the fruit, 
and low enough to allow economical hand- 
ling. This type of tree is easily maintained 
after it is once started. 

The open center tree is structurally weak, 
due to the fact that, in general, the scaffold 
branches issue from practically the same 
point, thus forming weak crotches. Fre- 
quently one of the scaffold branches splits 
off and the tree is practically ruined. Many 
trees trained in accordance with this system, 
have met this fate. Artificial supports must 
be resorted to in many orchards with trees 
trained in such manner. In spite of these 
defects, however, this system of training is 
recommended and very generally adopted 
for some kinds of fruits. 


The Modified Leader or Delayed Open 
Center is the third type of tree. As the 
terms indicate, it is a modification of the 
leader tree or is intermediate between the 
open center and leader types. It combines 
the more important advantages and elimi- 
nates some of the disadvantages of each. 
The resulting tree is low headed, spreading, 

Figure 9. A weak crotch and one 20d has from six to ten scaffold branches 
that offers favorable conditions for distributed along and about a central axis, 
© enirance of Heart rot organisms. —_ thus forming a strong framework with well- 
formed crotches. It is not possible to secure the several scaffold branches 
from one season’s growth of the main axis and have them properly 
distributed; so the selection must extend over some three or four years, 
starting two or three new scaffold branches each year. After the desired 
number of well-distributed scaffold branches has been obtained, the tree 
should be opened by discontinuing (removing) the leader. 

At this point, attention should be called to the fact that the system of 
training employed during the first four or five years of the tree’s life definitely 
determines its form, and later attempts to change the form are very frequently 
accompanied by disastrous results. An established leader should not be 
removed, after the second or third year, with the idea of developing a strictly 
open center tree, and, in like manner, attempts should not be made to change 
an open center tree to a modified leader or leader type. Well trained trees 
may be developed along any of the above lines and no one system is best for 
all species, varieties and conditions. 

Since many fruit growers are not familiar with the modified leader type of 
tree, and since it is recommended for most varieties of apples, pears, cherries 
and European plums, a more detailed description and development of a 
theoretically ideal tree may be in order. 


EXPERIMENT STATION BULLETINS. 371 


Assuming that a one-year-old tree has been planted and headed at the de- 
sired height, the growth the season after planting will usually consist of an 
almost upright branch produced from the uppermost bud, and of four or five 
shorter ones arising from lower buds. If so, two or three of them*, well dis- 
tributed about the trunk, should be selected in addition to the uppermost 
one, and the others removed. In cutting or heading back these branches, 
it should be borne in mind that the longest branch of a group has the advan- 
tage and will make correspondingly more growth the following season. 
Since it is desirable to develop the uppermost branch into a leader for several 


Figure 12. A two-year-old sweet 
cherry showing modified leader sys- 
tem of training. Note that more 
Figure 11. A two-year-old Bartlett scaffolds are selected each year than 
for the apple. 


pear being trained as a modified leader 
tree. The pruning has been light. 


years, it must be left a little longer than the scaffold branches. The amount 
of cutting back depends upon the amounts of growth produced. Usually in 
Michigan it will simply consist in cutting back sufficiently to give the leader 
some advantage in length. If a good, vigorous growth has been produced 
the first year, one should leave the lateral scaffold branches 15 to 24 inches 
long, and the central upright one 20 to 30 per cent longer. 

The following winter the leader should be treated in much the same man- 
ner as just described for the year previous. The scaffold branches will prob- 


*Trees may be expected to attain large size more rapidly if a larger number of branches are left 
temporarily. 
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ably have produced several laterals. ‘Two or three of these should be se- 
Care 


lected and headed back, if necessary, sufficient to avoid “legginess.’’ 


should be taken, as previously described, 
to prevent the formation of weak “Y” 
shaped crotches. 

This system should be continued 
throughout a third and possibly to the 
fourth year, after which the leader should 
be suppressed or discontinued. This sys- 
temjof training results in a tree with a 
central axis or leader about five or six feet 
in height, with from six to ten scaffold 
branches extending outward and upward 
in all directions and spaced along the 
main axis for three to five feet. 

The pruner should develop the several 
scaffold branches carefully. The heading 
back should not only be done from the 
standpoint of the tree as a whole, but 
also with regard to the relation of the 
main branches to each other. If certain 
ones are outgrowing others, the stronger 
should be headed back more than the 
weaker ones. If the lower scaffold 
branches are not developing sufficiently, 
the upper ones must be cut back more 
heavily, or the lower ones may be entirely Fievre 13. A two-year-old Lombard 
suppressed as real scaffolds and the tree Prancnes We ee iad oe Toeionece ere 
actually becomes high headed. Thus al] ‘unk below the point of heading “but. pook 


on the two-year-old portion of the leade~ 


main branches of the tree must be prop- ‘The two lowest branches are perhaps te« 
lesdlonut close to the ground and should have been rt 
CL Lyne ominant. moved one year ago. 


PRUNING THE YOUNG APPLE 


Height of Head—When the lower set of scaffold branches are within two 
and one-half or three feet of the ground, the tree is said to be low-headed; 
i oo are as much as four feet from the ground, the tree is regarded as high- 

eaded. 

The question of height to head is largely a personal one. In general, low- 
headed trees are more economically pruned, sprayed, thinned and harvested 
and are less subject to sunscald, while high heading facilitates cultivation 
underneath the branches. However, the general type and kind of pruning 
practiced may cause the branches of a high-headed tree to be very low, or 
may result in the branches of a low-headed tree being sufficiently high for 
all practical purposes. Again, different varieties have different habits of 
growth, and this should be borne in mind when determining the height tc 
head. For instance, a McIntosh tree is wide-spreading and the branches 
quite horizontal, while Duchess or Oldenburg and Yellow Transparent are 
upright in habit. 

Type of Training—The modified leader type is the most favored system of 
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training apple trees among fruit growers who have employed it. However, 
one will find it impractical to train trees of all varieties, or even all the trees 
of one variety according to this system. 

Severity of Treatment—Immediately after being planted, the tree should 
be cut back rather severely to reduce the top in proportions similar to root 
reduction at the time of digging in the nursery, in order to get the desired 
height of heading, and, in the case of two-year-old trees, to reduce to two or 
three scaffold branches. If a one-year-old tree is planted, the pruning will 
usually consist in cutting the whip back to the desired height of heading. 


Fieure 15. <A_ three-year-old 
pel cote Northern Spy which has had a mod- 
and age as the one shown in Figure 15, but it erately heavy pruning annually. 


has received no pruning except that given This has consisted mostly of thin- 


Figure 14. This tree is the same variety 


ning out shoots of the past season’s 
growth. A small amount of heading 
back to improve form has been given. 


immediately after planting. 


After such a tree has been planted for a year, the pruning will remove all but 
the selected scaffold branches, and these may be slightly headed back to give 
the central leader sufficient advantage and to regulate the balance and sym- 
metry of the young tree. 

Fruit growers disagree considerably as to the treatment that should follow 
that outlined in the above paragraph. Some hold that 50 to 75 per cent of 
tne growth should be removed in thinning, and then 50 to 75 per cent of the 
remaining 25 to 50 per cent removed by cutting back, and that slightly less 
percentages be removed each year until the tree comes into bearing. This is 
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a very severe pruning, and, while it may result in a very well formed tree, 
fruit production is unnecessarily delayed. 

On the other hand, some fruit growers would not touch apple trees with 
pruning tools after the pruning following the first year’s growth in the or- 
chard until they have established the bearing habit. Such a treatment leads 
to early bearing, but strength of framework is sacrificed in many cases. 
Then there are other growers who take various stands intermediate between 
these two extremes. The writer believes that the fruit grower can afford to 
sacrifice neither early fruit production nor strength of framework. 

Apple trees which are expected to be comparatively short-lived, such as 
those planted as fillers (trees which are to remain in the orchard for some 15 
to 25 years and then be removed to make room for-the permanent trees) are 
best grown from the time the trees are one-year-old (from date of planting in 
the orchard) until after they are bearing well without any pruning except 
the occasional removal or cutting back of decidedly ill-placed or very way- 
ward branches. Such a treatment will encourage much earlier fruit produc- 
tion. The trees will undoubtedly be poorly shaped and crowded, and some 
may be ruined by breakage after they reach bearing age. Heavier pruning 
may be practiced after these trees come into bearing, thus partially correcting 
some of the faulty growths. 

The above practice is not a wise course to follow in training young trees 
that are expected to stand in the orchard for 60, 80 or more years. Such 
trees should have very high valuations when thirty or more years old, and any 
breaking down of trees at such times, because of faulty training in early life, 
will mean heavy financial loss. Thus the training of a young apple tree 
might be compared to the building of a foundation for a building. If the 
building is small and of a temporary nature, less importance is attached to 
the construction of the foundation than if it is to be a large building that is 
expected to serve for a half century or more. 

Thus it would appear that moderate or light pruning should be given apple 
trees until after a substantial framework has been developed, when the prun- 
ing should become very light in character. In kind, this pruning should be 
for the most part a thinning out, under Michigan conditions. In other words, 
all of the longer growths should be removed following the first two or possibly 
three seasons’ growth, except those branches selected to form the framework. 
Cutting back during these two or three years should usually be very light and 
should be done more with the idea of-establishing a proper balance between 
the parts of the tree. 

Spurs and other short growths in the middle of the tree and along the main 
branches should not be cut out, as such wood fruits early and tends to main- 
tain an even distribution of fruiting wood throughout the tree—the ideal 
fruit condition. 
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Ficure 16. A six-year-old Jonathan tree which has received moderate 
pruning until one year before this picture was taken when the treatment 
consisted of very light thinning. ‘The tree was lightly thinned after this 
picture was taken and it produced a fair crop of fruit the following season. 
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PRUNING THE APPLE TREE JUST COMING INTO BEARING 


Fruit trees should be handled particularly carefully when they reach the 
age or size at which fruit production should begin. In many ways this is 
their most critical period. During the first few years following planting, 
they usually make a vigorous growth. Their twigs are relatively rich in 
nitrogen and low in starch and other carbohydrates. Severe pruning during 
the period just preceding fruiting tends to continue this low carbohydrate 
content and thus delays fruiting, for fruit bud formation is associated with 
the accumulation of carbohydrates. Intensive cultivation and fertilization 


Ficure 17. This tree is in need of thinning that should consist 
in the removal of many small branches, seldom over two years old, 
rather than the wholesale slaughtering such as its pelenhoring. trees 
had received and is illustrated in Figures 18 and 19 


have similar effects. If pruning is largely confined to a very light thinning 
out, and this is in conjunction with moderate cultural practices, there is a 
tendency for the carbohydrates to accumulate, and the tree becomes fruitful. 

It is evident then, that, after the framework of the young apple tree is es- 
tablished, the pruning should be limited to the removal of injured and dis- 
eased branches, the occasional removal or shortening of closely parallel and 
crossing limbs, ‘and the thinning out of a limited amount of superfluous new 
growth to admit light to all parts of the tree. Even this treatment should be 
very largely confined to the previous season’s growth. The grower may be 
warranted in omitting the pruning for a yéar or more in cases where the trees 
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Ficure 18. The large forked branch lying on the 
ground and leaning against the trunk was removed from 
the center of this tree to ‘open it up.’”’ Note the amount 
of brush underneath this tree. It was ready to begin fruit 
production, but three years of expert treatment will be re- 
quired to bring it into commercial fruiting. 


Oo 


“J 
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show little tendency toward fruit production. Pruning of any kind at this 
particular stage is more likely to delay than to encourage production, and it 
should not be regarded as a means of bringing the tree into bearing. To 
bring the vegetative tree into bearing, it is frequently necessary to alter 


Fiaure 19. An orchard pruned after this fashion is worth 
$100 to $200 per acre less than before pruning. Before prun- 
ing the trees were similar to the one shown in Figure 17. 


cultural practices. Nitrogenous fertilizers should seldom be applied, and it 
may be necessary to discontinue the growing of crops requiring inter-tillage 
and to sow the orchard to clover or alfalfa, or, in case of very vegetative trees, 
to grass. 
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Ficure 20. This eight-year-old tree should receive 
a very light thinning of the previous season’s growth, 
rather than the severe pruning the trees in the back- 
ground have experienced. This tree shows a fair dis- 
tribution of scaffold branches. The leader should have 
been removed at X about four years ago to have formed 
a modified leader type of tree. 


379 
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PRUNING BEARING APPLE TREES 


After the bearing habit seems well established, or in other words, after the 
tree has been producing moderate crops for two or three years, the pruning 
may become more severe. In other words, the trees may have been very 
lightly pruned for several years, and probably there will have accumulated a 
considerable quantity of superfluous wood, and the trees will undoubtedly 
have become too dense for optimum fruit production, especially in the in- 
terior portions. In general, such pruning will consist in thinning out suf- 
ficiently to permit light to penetrate to all parts. This thinning out should 


Ficurr 21. This Northern Spy tree is in need of thinning out about the outer parts and top. There 
is little necessity for making cuts larger than three-fourths of an inch in diameter, but many of these 
small cuts should be made. The lower central part of this tree is too barren of fruiting wood. 


be largely confined to the removal of many small branches about the outer 
parts of the tree rather than the cutting away of fewer large branches. In 
addition to this major treatment, it may consist of heading any unruly or 
wayward branches back within bounds, preventing the formation of weak 
crotches, heading back branches tending to grow into others, and keeping the 
fruiting machinery (spurs) well distributed and functioning throughout the 
tree. 

Thinning Bearing Trees—The average more or less neglected bearing tree 
is so thick about the outer parts that an even distribution of functioning fruit 
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spurs cannot be maintained. Thus the outer ends of the branches should be 
considerably thinned to permit a free circulation of air, ample light to pro- 
mote the development of fruit spurs and fruit, and more thorough spraying. 
The common mistake is to pursue the easiest course and remove a few rather 
large branches, but such a practice leaves holes and does not result in an even 
thinning or an even growth. Again, too much large wood is removed, re- 
sulting in a heavy vegetative growth near the base of the removed branches. 
In thinning out the outer parts of the trees, less vegetative disturbance will 
result if many small branches—seldom over an inch in diameter—are removed 
in such a way as to leave the outer fruiting wood evenly distributed and still 
open enough to permit the entrance of light and the circulation of air. This 
type of work is best performed when the pruner climbs out near the ends of 


Figure 22. The pruning in this tree has been rather severe. Bearing capacity has been limited too 
greatly and some parts of the scaffold limbs are so much exposed that sunscald may result. 


the main branches where he is able to work with a saw and pair of hand 
shears. This requires time, but experience has proved that the extra labor 
is repaid many times through better results. In case old trees are bearing 
too many clustered, weak or inactive spurs, it is advisable to thin them to ad- 
mit light, prevent overbearing of small fruit, and to stimulate the remaining 
spurs. 


Lowering Tops of Trees—Fruit growers fully appreciate the inconvenience 
of too high tops. Many are bringing them down so that they may be suc- 
cessfully, as well as more economically, handled. There has been a certain 
tendency, however, to determine the height to which the trees should be re- 
duced and then remove large branches to accomplish this. The result is that 
some parts of the tree which have been partially shaded are unduly exposed 
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to the sun, and scald results. In some orchards the bark on the larger 
branches has been killed fully one-third the way around the branch. Again, 
water sprouts usually develop in profusion following such heavy cutting 
back. 

It is usually possible to reduce the height of these tops by cutting back 
some of the upright branches, some three or four to seven or eight years in 
growth, to a side branch. Again, the remaining side branches may be 
shortened somewhat. Such measures usually bring the tops of the trees five 
to ten feet nearer the ground, and are not especially detrimental to the tree 
asa whole. This cutting, however, often induces wood growth, which should 
be removed in later years. If an old tree has produced little growth in the 
top, but the top is too high, two or three years should be taken to lower it. 


Figure 23. Near view of some scaffold branches showing the total absence of fruiting wood within 
: radius of ten feet of the head of the tree. This portion of the tree should be utilized for fruit pro- 
uction. 


Distribution and Re-establishment of Fruiting Wood—A scaffold branch 
should have several good lateral branches well spaced along its entire length, 
each lateral supporting its share of fruiting wood. Such a tree can support 
a given load to better advantage and carry a much larger crop of fruit. When 
pruning the young tree always leave fruiting wood, if it is located where it 
will have a chance to develop. The tree will fruit earlier and heavier. Bear- 
ing orchards are frequently seen in which trees have been stripped of all fruit- 
ing wood except near the ends of the branches. In other words, all the fruit 
is borne out on the ends of the branches instead of being distributed through- 
out the tree. In many trees there is no fruiting wood within a radius of 
fifteen or even more feet from the trunk of the tree. Fruiting wood may be de- 
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veloped in the course of three or four years in a tree in which the scaffold 
limbs are bare, by the use of well situated water sprouts. They should be 
cut back leaving them from six to twelve inches in length to encourage the 
development of side branches. These in turn should be slightly headed back 
the following year. After this, the heading back should be materially les- 
sened to encourage the formation of fruit spurs. To make this operation 
successful it is essential that the trees be thinned about the outside to admit 
light sufficient to allow the development of fruit spurs and to color the fruit 


Ficure 24. An old apple tree which has just been pruned. All water 
sprouts and other growths were removed from the lower portions of the tree, 
but no thinning was done in the top, The top should have been well thinned 
and some of the growths on the lower portions saved to re-establish fruit pro- 
duction in those parts. 


The average man has a tendency to cut out one or both of two branches 
which cross, because they have been instructed to remove cross branches. 
In many cases better results would be accomplished if the branch were simply 
shortened to a lateral. Suppose, for example, that a side branch had been 
left to fill in a space in a tree, and that this branch continues growth, growing 
across another branch some three feet from the first branch. This long cross 
branch should often be cut back so as not to interfere with the branch it is 
crossing, but still fill the space that it was intended to occupy. 
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PRUNING THE PEACH 


After planting, the peach tree should be headed at a height of from twelve 
to twenty inches—fifteen is a good average. Some growers prefer to have the 
head just above the surface of the ground, but where trees are headed lower 
than twelve inches considerable difficulty is experienced in removing borers. 
Heading at 20 to 26 inches, as practiced by some growers, has no material 
advantages and increases the cost of pruning and harvesting. If the tree 
has a few side branches when it comes from the nursery, they should not 
greatly influence the height of heading. If they occur above the point of the 
desired head, the straight, branchless tree or whip will develop side branches 
that may be utilized as scaffolds. If side branches have developed from 
points below the height of head, four or five of them may be saved and headed 
back to from two to five inches each. 


Figure 25. The secondary branches of one- Fiaure 26. A one-year-old peach tree after 
year-old nursery peach trees may be cut back to pruning. Note that the four scaffold branches are 
stubs as shown; or they may be entirely re- cut back to about the same height. 


moved, thus reducing the newly planted tree to 
a straight whip. 


Form of Tree—The open head type of tree has been almost universally ac- 
cepted as the best for commercial purposes. This results in a low, wide- 
spreading tree in which practically all the work may be done by men standing 
on the ground or on low stepladders, makes possible the production of a good 
supply of vigorous fruiting wood throughout the center and along the main 
branches, and admits sunlight and permits a circulation of air, thus insuring 
well colored fruit. 

First Year—After the tree has made a season’s growth, from three to five 
scaffolds, or main branches, should be chosen with a distance of two or more 
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Figure 27. A two-year-old peach after pruning which consisted of heavy 
thinning out and cutting back to secondary laterals. 


Ficure 28. <A two-year-old peach tree that has not 
been thinned sufficiently, making it necessary to cut into 
two-year-old wood the following year. 


13 
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inches between their points of origin and so as to form a well-balanced tree. 
A common point of origin, however, is not s2riousl y objectionable in peaches. 
Four main branches are preferable, but often the individual tree will be of a 
better shape if three or five are left, although the latter number may result in 
more or less crowding. Growths other than the selected scaffold branches 
should be removed. 

The scaffold limbs should then be cut back rather heavily to produce 
strong, stocky branches that can better carry the loads of fruit in later years. 
If the growth has been rather short and stocky, less cutting will be necessary; 
but long, slender branches should be cut back more severely. With an ordi- 


Figure 29, <A vigorous growing three-year-old peach tree before pruning. 


nary amount of growth, of 30 to 36 inches, branches of from 18 to 24 inches 
in length should be left. In case the branches have made an unequal amount 
of growth, the weaker ones should be left slightly longer than the stockier 
ones so as to give them the advantage the following season, thus resulting in a 
balanced tree. Generally the branches should all be cut back to the same 
height. It will usually be possible to cut back to lateral branches. In such 
cases, two or three of these laterals may be left on each scaffold and tipped 
back. If the lateral branches have all developed from beyond the place 
where the scaffold should be cut back, the laterals should be ignored and the 
selected scaffolds cut back to outside buds. 


v 
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8econd Year—During the second growing season, several lateral branches 
will probably develop from each of the main branches. The following winter, 
two or three well spaced laterals, extending outward from each main branch, 
should be selected and all the other growth removed, except a few small 
twigs in the center of the tree, which may be headed bask for early fruit pro- 
duction. These laterals should be headed back, but usually not so severely 
as the year previous. Since the idea is to obtain a low, spreading tree, this 
second year’s growth should be left from 18 to 30 inches long, depending on 
the amount of growth produced and its direction. 

To produce a well-shaped open-center tree, one should leave approximately 
the same amount of wood on each of the main branches, so that the top of the 
tree is almost level after pruning; or, in other words, the ends of the top 


Ficgure 30. Tree shown in Figure 29 after pruning. Note relative amounts of thinning 
out and cutting back. 


branches should all be about the same distance from the ground. Of course 
the weaker growing scaffolds should be given some advantage by leaving them 
slightly longer. 

A stronger framework will be formed if one branch of each scaffold is rec- 
ognized as a leader and left a few inches longer than the others. In fact, the 
scaffold leader should be much more in evidence in the peach than for other 
fruits. Thus if three branches of the second season’s growth are selected, 
usually the middle one should be left a few inches longer than the other two. 

Third Year—During the winter following the third year’s growth, two or 
three outward growing laterals should be selected from each branch headed 
back the year previous. These branches, selected to continue the framework 
of the tree, should be headed back, removing perhaps a third to a half of their 
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growth. Again, one should try to leave the tree as a whole well balanced, but 
he should destroy the balance of individual limbs by unequal cutting, or by 
leaving a leader. 

There will probably be a great number of twigs or branches throughout the 
lower parts and center of the tree. Those that are placed to receive light 
and have plenty of room for development should be tipped back 25 to 50 per 
cent, depending on the character of the growth, and saved for fruiting wood. 
Undoubtedly a large number of small twigs will have to be removed to admit 
light and avoid crowding. Although fruiting wood is desirable along the 
main branches and extending to the center of the tree, the pruner should at- 
tempt to keep this growth rather short and thus maintain the open center. 


PRUNING THE BEARING PEACH TREE* 


If the tree has been built along the lines previously outlined, it will be low 
and spreading, making it possible for the several orchard operations to be 
done by men or women standing on the ground. Future pruning should be 
such as will retain and encourage the formation of fruiting wood throughout 
the center as well as the outer parts of the tree, remembering that the peach 
bears its fruit on wood of the previous season’s growth, and that a goodly: 
supply of new wood should be produced each season. Failure to prune the 
peach tree for even one season will result in a thick top with a small amount 
of fruiting wood far removed from the main framework, and probably in a 
weakened tree producing many small and inferior fruits. 

If the tree is making a very vigorous growth, each of the main branches 
produced during the previous seasen should usually be cut back to a good 
lateral or secondary branch produced during the same season. Two or three 
of these secondary lateral branches may be selected and tipped back so as to 
leave most of the fruit buds, or they may be left without tipping, provided the 
growth was not strong. If the previous season’s growth did not exceed 18 to 
24 inches, the selected branches should usually be headed back 25 to 40 per 
cent, or so as to leave a satisfactory number of fruit buds on each branch. 
The grower should strive to keep the tree low, and to accomplish this it is 
frequently advisable to cut back the larger branches into two- or three-year- 
old wood, and to a good, wide-spreading lateral branch of the previous season. 

The outer parts of the tree should be thinned out to avoid crowding and 
to permit a free circulation of air and access of sunlight. A good supply of 
bearing wood should be retained throughout the centers and lower parts of 
the tree. This wood should be headed back and should never be allowed to 
develop enough to fill the center of the tree. Old twigs that have ceased to 
produce a goodly number of fruit buds should be removed to make room for 
the development of new wood. 


Pruning Neglected Peach Trees—Peach trees which have not been properly 
pruned for two or three seasons usually attain the shape of a “naturally 
grown’’ tree; that is, the middles become brushy and frequently higher than 
the other parts of the tree, and the annual growth is short. These trees 
gradually become weaker and produce only a small amount of undersized 
fruit. It is usually advisable to open such trees by removing the branches 
from the center and then cutting back the remaining branches into old old 


“See 32-year-old peach tree on front cover of this circular. 
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and to outward growing side branches. The dead and weak wood should 
then be removed. The smallest twigs in the middleYof{the tree can some- 
times be knocked off with the pruning tools without serious injury and with 
much saving of time. The trees should then be thinned out, leaving only the 
most vigorous, well distributed wood. A good growth, well lined with fruit 
buds, will usually result the following season. During the following winter 
this new growth should be thinned out and headed back, leaving a good sup- 
ply of fruit buds. 


Renewal of Fruiting Wood—In many old peach trees the fruiting wood is 
scarce and far removed from the ground, and the trees seem to lack vigor. 
If the fruit buds in such trees have been injured to such an extent that little 
or no fruit will be produced during the coming season, these trees may be 
lowered, renewed, and thus shaped to produce better crops in future years. 
The amount of cutting back will depend entirely on the shape and condition 
of the individual tree. ‘‘Dehorning,”’ as generally defined, is advisable only 
under special conditions. If the trees have become quite upright, it will 
usually be advisable to head the main branches back to lateral, almost hori- 
zontal, branches; probably removing some three to five years’ growth. If 
they have not attained a great height, but are lacking in vigor and the fruiting 
wood is scarce, some two to four years’ growth of the main branches should 
probably be removed. ‘This, in conjunction with proper fertilization and 
cultivation, should result in the formation of a large amount of vigorous 
growth which may be thinned out and headed back the following winter. If 
the heading back is very heavy, such as might be termed ‘“‘dehorning,”’ there 
is danger of a long, thick growth being produced and the lower parts being so 
shaded as to prevent the formation of many fruit buds where they are most 
desired. Again, such drastic treatment usually results in two years without 
fruit. 


Pruning Winter-Injured Fruit Trees—During occasional severe winters 
the peach wood becomes injured, as indicated by the brownish color of the 
sapwood. Although ‘“‘dehorning”’ or severely cutting back such injured 
bearing trees has been quite generally practiced, investigations and observa- 
tions following the injury during the winter of 1917-18 are conclusive enough 
to warrant the grower employing less severe practices. ‘Trees in which the 
longer branches were cut back into three- and four-year-old wood and less 
prominent branches more lightly headed seemed to give the best response. 
In fact, it would appear that no pruning would give better results than 
“dehorning.”’ Again, better results will evidently be obtained if the heading 
back is delayed until after the sap has been active for a few weeks. 

As previously mentioned, if the fruiting wood becomes scarce and far re- 
moved from the trunk, peach trees should be lowered. Advantage should be 
taken of a season when it appears that a light crop will be produced to do 
this work. For this reason it is sometimes recommended that pruning be 
delayed until the prospects for a crop can be determined or until after blos- 
soming. Experience has shown that if pruning is thus delayed, some of the 
trees will not be pruned. It therefore seems best to preceed with the regular 
pruning in the winter or early spring; then, if frost ruins the prospects of a 
crop, it is not, much trouble to go over the trees a second time and cut them 
back into wood three or four years old. 
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PRUNING THE PEAR 


The pear should generally be trained and pruned in a manner similar to 
that recommended for the apple. Some growers prefer the open-center type 
of training, maintaining that a lower tree will result, and that blight may be 
more easily controlled. The pear, however, lends itself more readily to the 
leader rather than open or vase-shaped system of training. There are ad- 
vantages in both systems, but since the modified leader tree may be opened 
up after suppressing the leader, it is usually given preference. 


Figure 32. This two-year- 
old Seckel pear has just received a 
light thinning-out and very light 
tipping-back. The tallest branch 
should have been headed back to 
the X to prevent it from assuming 
the ‘lead’? and thereby develop- 
ing into an unsymmetrical tree. 


Ficure 31. A two-year-old Bartlett 
pear. Photograph taken after prun- 
ing which was almost entirely a thin- 
ning-out. 


Since the pear has a strong tendency to assume an upright habit, the grower 
should cut back to outside buds or to outside lateral branches. In case of 
varieties having a decided upright tendency, it may be advisable to cut to a bud 
just above an outside bud with the idea of cutting back into two-year-old 
wood to the outside lateral the following year. The grower should be par- 
ticularly careful to destroy balance in individual limbs, but not in the tree as 
a whole, by cutting back branches, because of the upright habit of growth 
and tendency to form weak sharp-angled crotches. It is a good practice to 
remove spurs which may develop from time to time on the trunk or on the 
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Fieure 33. This five-year-old Kieffer pear has received a light thinning out of 
one- and two-year-old wood, as shown by the: prunings on the ground. Note the 
quantity of fruit spurs. It produced its first heavy crop the succeeding summer. 
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lower parts of the main scaffold branches to prevent blight from gaining an 
entrance to the main framework. 

Because of the tendency for a pear tree, especially a young one, to send out 
several shoots following the cutting back of a branch, thus resulting in a very 
compact top requiring heavy thinning, it is advisable to confine the pruning 
of three-year-old to seven- or eight-year-old trees very largely to a thinning- 
out process. Such cutting back as is practiced should be light. After the 
bearing habit seems well established, however, some cutting back in the tops 
of the trees to keep them from becoming too high may be advisable. 


Ficure 34. A five-year-old Kieffer pear before and after pruning. Note that the practice was 


mostly thinning-out with a small amount of heading back to laterals at the base of two-year-old wood. 
This tree was poorly headed. 
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PRUNING THE CHERRIES 


Since the growth and fruiting habits of the sweet and the sour cherry differ, 
they require different pruning treatments, and it seems better to discuss them 
separately. 


Figure 35. This Montmorency cherry tree had not been pruned for three or four years previous to 
the treatment it has just received. The pruning consisted of the removal of many dead and weakened 
twigs throughout the lower part of the tree and a thinning out of the top and outer parts. The prunings 
under the ae show that many branches less than one-fourth inch in diameter and few larger than that 
were removed. 


Sweet Cherry—The young sweet cherry tree may be trained in much the 
same manner as the apple, except that growth habits make it advisable to do 
less cutting back and more thinning (See figure 12). Perhaps a brief state- 
ment regarding growth characteristics will explain the necessity for these 
slight differences in treatment. 

The fruit is borne principally on laterals or spurs whose terminal bud is a 
leaf bud. Growth of the spur is continued each year from its terminal leaf 


394 - STATE BOARD OF AGRICULTURE 


bud. The lateral buds formed on one-year-old shoots of young trees usually 
produce new shoots or remain dormant, resulting in the development of a 
comparatively large number of shoots. Thus the young trees are usually 
thick, compact, and strongly vegetative. This type of growth may be pro- 
duced from the lateral buds for several years, and bearing is correspondingly 


Figure 36. When sour cherries produce sufficient growth to 
permit the development of lateral] fruit buds, lateral branches and 
spurs, a desirable fruiting condition like that shown on the left is 
obtained. When the growth is short as shown on the right, the 
lateral buds are practically all blossom buds and there is little 
opportunity for twig and spur development. 


delayed unless the trees are carefully handled. As the trees reach bearing 
age, however, some of the lateral buds develop into fruiting spurs and fewer 
of them develop into shoots. Frequently this proceeds to the extent that in old 
bearing trees practically all of the lateral buds develop into fruit spurs or remain 
dormant, and few, if any, develop into shoots. Thus, only the terminal bud 
of a last-year’s branch produces vegetative growth, and the result may be a 
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few long, straight branches, rather than a more compact head. The problem, 
then, is to induce more rebranching and more growth. Heading back to the 
base of one-year-old wood, or sometimes in two- or three-year-old wood, is 
advisable. This treatment should be supplemented with such cultural prac- 
tices and fertilizer treatment as will better growth conditions. 

Thus, the treatment for sweet cherries is light compared to that for apples 
and peaches, and it differs in kind in that more thinning-out is necessary for 
young trees and more heading back for old trees. 

Sour Cherries—The modified leader type of tree seems to be preferred by 
commercial sour cherry growers. Generally speaking, the young sour cherry 
may be trained as the apple, except that more scaffold branches, four or five, 
should be left each year and the leader suppressed after two or possibly three 
seasons of growth. A greater number of scaffold branches are desirable for sour 
cherries than for other fruits, because of the branching habits. The young 
sour cherry will require little or no tipping back, as it has a habit of freely 
producing lateral branches without heading back. Even the thinning is very 
light during this period, it being confined mostly to a removal of the larger 
branches, other than main or scaffold ones, during the first two years. 

After the general framework of the tree is established, the pruning is mainly 
limited to a removal of weak and dead twigs; thinning out sufficiently to keep 
up a good supply of functioning wood throughout the tree, and heading back 
occasional branches in the top to prevent the trees from becoming too high. 

Normally, the sour cherry bears its fruit laterally on long growths and on 
short growths or spurs similar to those of the sweet cherry. Thus its fruiting 
habit is intermediate between that of the peach and sweet cherry. However, 
there is a great tendency, in Michigan, for cherry trees to produce fruit al- 
most entirely from the lateral buds of the longer growths. In other words, 
few spurs develop to maintain fruiting in the two-year-old and older portions 
of the tree; consequently the trees have a tendency to confine fruit production 
to the outer parts of the tree, and long branches devoid of both fruit and 
foliage are the rule back of the one-year-old wood. A careful examination of 
trees making a short annual growth will show that practically all of the 
lateral buds on the previous season’s growth produce blossoms and later 
fruits. Consequently there is little opportunity for lateral twig and spur 
development. The general tendency of trees with fruiting habits similar to 
the sour cherry is to produce lateral fruit buds near the tip of shoots of the 
current season’s growth and lateral leaf buds which later develop into lateral 
branches or spurs near the base of these shoots. However, if the annual twig 
growth is short, there is a tendency for the lateral fruit buds to develop all the 
way along the growth, and leaf buds (to form spurs and lateral growths) are 
not produced. Thus it seems that any treatment that will induce longer 
growths is desirable. Nitrogenous fertilizers and better cultural practices will 
lead to quicker and better results than cutting-back to induce growth. 
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PRUNING THE PLUMS 


European Plum—The type of training recommended for apple trees is in 
general satisfactory for the European plums. They may, however, be headed 
slightly lower. Also less cutting should usually be practiced because of the 
strong tendency of some varieties to produce excessive growth. 


Figure 37. A vigorous three-year-old European plum before and after pruning. It is being devel 
oped as a modified leader tree. Note relative amounts of heading back for the leader and other branches 


Heavy heading-back of bearing European plums may result in high trees 
with dense tops; hence, heading back, when advisable, should be light. The 
general treatment of bearing plums should be such as will invigorate the 
spurs, keep the tops properly thinned out and in good shape, and prevent 
crossing and interfering branches. Thus, thinning about the outer parts of 
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the trees (removing small rather than large branches) as recommended for 
apple trees should largely suffice. 

Japanese Plums—The Japanese plums should be trained as open center 
trees and handled in a manner similar to that of training and pruning peach 
trees, except that less cutting back is advisable. Since they bear much of 


Ficure 38. Another three-year-old European plum with open center system of training. Because 
of the tendency for the portion of the tree’on the right side to outgrow that on the left, the former was 
cut back heavily and the latter very lightly; in fact, it was left longer than the right portion of the tree 
because of the much smaller size of the branches. ~ 


their fruit laterally on the previous season’s growth, some annual heading 
back of the previous season’s growth, but less than that usually given the 
peach, is desirable. However, it must be remembered that considerable 
fruit is also borne on spurs similar to those of the properly functioning cherry, 
which means that while the pruning, in general, is similar to that for the peach, 
yet there should be an approach toward that for the sour cherry. 
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Ficure 39. A three-year-old Japanese plum tree in which one side of the tree has 
decidedly outgrown the other, making it rather difficult to handle. Another prun- 
ing, a year later, will be required to restore balance. Note that the branch on the 
right was cut back to a point near the base of the last season’s growth, a practice that 
is seldom justified. 


MINERAL SOILS* 


Technical Bulletin No. 57 


Dis, CaPELS SE WR VEAL. 


INTRODUCTION 


In 1917 the author published a short article (Spurway 9) showing a 
relationship between the proportion of calcium to iron and aluminum 
soluble in 0.2 HCl and the soil reaction. Acid soils gave proportions 
of CaO : Fe,O, + AI,O, above 1 :1.3 and alkaline soils proportions be- 
low this figure. These results indicate that soil calcium is the principal 
element contributing to the basicity of soils and that the iron and 
aluminum are concerned with soil acidity; that is, in combination as a 
portion of the acid radical of soil salts. In a subsequent publication 
(Spurway 8) it was shown that the quantity fixation of cations of 
neutral salts by soils depended upon the quantity of soil bases in a 
condition to react with the neutral salts. Also, that anions of chemical 
salts were fixed by soils when they formed insoluble compounds with 
soil bases. Pursuing the general problem effects of fertilizer salts on 
soils, it was considered advisable to devise methods for determination 
of active soil bases and acids, if possible, in order to define more closely 
the reactions between soils and fertilizers on a quantity basis, as well 
as the effects produced by fertilizers on the composition and reaction of 
soils. 

As it is known that soil materials may be classified as partly active 
and partly inert, and that the active substances of soils are largely 
in an insoluble condition; and also, that the hydrogen electrode may be 
used to determine the neutralizing values of solids, it was assumed that 
the hydrogen electrode could be of value in determining the neutralizing 
value of soils for acids and bases, and hence the basicity and acidity of 
soils on a quantitative basis. 

Attention is here called to the use of the term active bases in this 
publication, which is intended to mean soil bases neutralized by acids 
excepting iron and aluminum. 


*Presented to the Director for publication July 19, 1922. 
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APPARATUS 


The electrometrie titration apparatus used for this work consisted 
of the following named units connected as illustrated in Fig. 1. 


ol Mears 
5 


55C. 


Fig. 1—Diagram showing arrangement of apparatus. 


Fig. 1—P—Leeds and Northrup Students’ Potentiometer 
R—Plug Resistance, 11, 110 ohms capacity 
Ba—2 Columbia Dry Cells 
G—Galvanometer, D’Arsonval, wall type 
S. C.—Weston Standard Cell 
C. E.—Wendt’s Calomel Electrode Vessel 
H. E.—Wendt’s Hydrogen Electrode 


Jelly tumblers were used for containers for hydrogen ion concentra- 
tion determinations on the materials under investigation. Covers of 
these containers were coated with parafin and used to prevent evapora- 
tion and contamination of the solutions during the time of standing. 
Stirring was accomplished by means of a bent glass rod actuated by a 
Cenco Friction Drive, Variable Speed, Motor Stirrer with a flexible 
shaft. Hydrogen was generated from C. P. stick zine and hydrochloric 
acid and washed through a solution of potassium hydroxid and pyro- 
gallic acid and finally through distilled water. The flow of hydrogen 
was regulated with a Hoffman pinch cock. An elevated bottled con- 
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taining distilled water was connected to the jacket of the hydrogen 
electrode to facilitate the washing of the electrode. The hydrogen 
and water connection was made by means of a three way, glass stop- 
cock. The calomel electrode vessel was supplied with a normal solution 
of potassium chloride, saturated with calomel, from an elevated bottle 
and the supply regulated with a Hoffman pinch cock attached to the 
connecting rubber tubing. The electrodes and stirring apparatus were 
mounted on a large ring support for convenience in operating. 

Preparation of the hydrogen electrode consisted of coating it with 
platinum black by electrolyzing a dilute platinic chloride solution for 
about two minutes time and then electrolyzing a dilute solution of sul- 
furic acid to saturate the platinized electrode with hydrogen. Two dry 
cells in series were used for this work and the electrode connected to 
the negative pole. Contact through the liquids to the positive pole 
of the batteries was made by a small piece of platinum wire attached 
to a copper wire. When not in use the hydrogen electrode was kept 
submerged in distilled water. 

Calomel for the calomel electrode was prepared by the chemical 
method recommended by Ellis, cited by Knight (5), and the cell made 
up according to standard methods. 


METHOD OF OPERATION 


After considerable experimentation with varying quantities of soils 
and water and various ways of handling the apparatus to determine the 
pH value of the solutions, the following method was selected as one 
designed to cover the desired range of conditions and give the most re- 
liable results. In the titration work, 10 gms. of soil was placed into each 
of several tumblers, the number depending on the range to be covered. 
O.1 N equivalents of the different reagents used were added in steps rang- 
ing, usually, from one to 10 cc. and sufficient neutral, distilled water 
was added to each tumbler to raise the liquid volume to 50 ce. Varia- 
tions in soil quantities and volumes of liquid are noted when they 
occur, as are other changes from the usual procedure. The pH was 
determined on these solutions at various times depending on the nature 
of the titration. 

The hydrogen electrode, after preparation and thorough washing with 
distilled water, was placed into the soil suspensions always to the same 
depth, and the flow of hydrogen over it regulated to the rate of about 
two bubbles a second. The electrode remained in the suspensions con- 
stantly, except during the change from one to another, and the stirring 
was continuous. The speed of the stirrer was adjusted to keep all 
soil particles in motion. At the beginning of a titration, the hydrogen 
electrode was always brought to equilibrium with an untreated soil 
suspension. Change to other suspensions was made in order, and with- 
out washing the electrode. 

The salt arm of the calomel vessel was introduced into the soil sus- 
pension immediately before reading the voltage and at the same dis- 
tance from the hydrogen electrode and removed directly after completing 
the reading. A few drops of the potassium chloride solution were 
passed through the salt arm of the calomel electrode before and after 
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each reading to flush out engaged soil particles and allow contact with 
the soil solution with a fresh portion of the potassium chloride. 

Calibration of the potentiometer consisted in setting the indicators 
to read the same yoltage as given for the standard cell and adjusting 
resistance R until no deflection was observed in the galvanometer with 
the cell circuit momentarily closed. Rough adjustment was first made 
with a normal calomel cell, and final calibration with the Weston 
Standard Cell. The potentiometer then read in volts and was adjusted 
before each titration. After starting the apparatus for each determina- 
tion, potential readings were taken at five minute intervals until the 
change in potential over the last reading was constant within one 
millivolt. Fifteen to forty-five minutes time was usually required to 
complete a determination. Voltage readings were converted to pH 
factors by means of the Schmidt and Hoagland conversion tables (6). 
The author is indebted chiefly to Clark (1) and Hildebrand (3) for the 
theory and applications of the hydrogen electrode. 


SOILS AND REAGENTS 


The neutralizing values of four acid soils—a medium sand, sandy 
loam, silt loam and clay loam—were studied using the hydrogen elec- 
trode, in the manner described, as an end point indicator. These soils 
were air dried and passed through a two millimeter mesh sieve. Re- 
sults of this experimentation are shown in the curves, Figs. 2 to 9 in- 
clusive. As indicated under the heading, Method of Operation, the 
titrations were set up in a series of units in order that pH readings 
might be taken at regular intervals of time. The reagents used were 
Ca(OH)., Al,Cl, and HCl, and these reagents were added in 0.1N 
equivalents so that all the curves might be plotted on the same scale. 
Surves are shown in two groups containing four figures in each group, 
Figs. 2, 8, 4 and 5 comprise the first group and Figs. 6, 7, 8 and 9 the 
second. All alkali titrations were made with Ca(OH), and the second 
group of alkali titration curves were duplications of the first group. 
The acid titrations shown in the first group of four figures were made 
with Al, Cl,, and in the second group with HCl. 
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INITIAL ALKALI TITRATION CURVES 


In obtaining the first group of four No. O curves the whole titration 
series was first set up and the pH values then determined, which re- 
quired nearly four hours time for completion. The second group of four 
No. O curves illustrate the results obtained from reading each unit as soon 
as possible after bringing the Ca(OH), in contact with the soil. The ob- 
servable difference in these two groups of curves is that the second 
group shows marked buffering midway of the curves, which may in- 
dicate the formation of a calcium salt. Points in these curves, how- 
ever, can not be considered definite, as the reaction between soil and 
Ca(OH), progresses rapidly in the beginning. These curves are use- 
ful in making comparisons between them and the other alkali titration 
curves. 


ALKALI TITRATION CURVES NOS. 1 AND 2 


As may be observed, these curves run closely together below pH 
7.00. Curves No. 2, however, occupy a position slightly above curves 
No. 1 below the neutral point; but they cross in the vicinity of pH 7.00 
and lie below curves No. 1 above this point. The fall in pH shown by 
these alkali titration curves is considered due to the disappearance of 
hydroxyl ions, indicating that above the neutral point the reaction is 
still in progress. The slight rise in pH below the neutral point, shown 
by curves No. 2, may be due to increased hydrolysis of soil compounds. 
This phenomenon was also observed in the untreated soils and in the 
acid titrations before the point of complete neutralization of soil bases. 
pH readings on the No. 10 units taken at later periods than two days 
are also shown on the graphs. These results seem to show that the re- 
action on the acid side of the titration is practically complete in one 
day; but in the presence of an excess of hydroxyl ions, it is continuous 
over a long period of time. 

Since the pH readings for the alkali titration curves were made in 
open containers, it was thought necessary to check the results with 
another experiment using Ca(OH), and water without soil in alkali 
concentrations representing excess of alkali over that required to bring 
the soils to pH 7.00, in order to determine the effect of CO, absorption 
from the air. This experiment was conducted in the same manner as 
those for the soil—Ca(OH), titrations except the soil quantities were 
left out. ‘The results are illustrated in Fig. 10. An examination of 
these curves will show: (1) that the pH fell more rapidly in the dilute 
solutions than in the more concentrated solutions, and (2) the rate 
of fall in pH increases with time. These results are opposed to those 
obtained when soil is present in the determinations; hence, it is as- 
sumed that the soil—Ca(OH). results are not due to absorption of CO, 
from the air. 
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Fig. 10. Curves showing pH readings of Ca (OH): solutions without soil. 


ACID TITRATION CURVES NOS. 4 AND 5 


The first group of acid titration curves were obtained by using 
Al,Cl, and the second group by HCl. 5 gms. of the clay loam soil 
was used in the acid titrations because this soil had a high neutraliz- 
ing value for acids as compared to the other soils. No. 4 curves were 
initial titration curves, and No. 5 curves were drawn on readings taken 
after one day’s standing. The Al,Cl, curves have the same general trend 
as the HCl curves, but the Al,Cl, one and two day curves lie closer to- 
gether than those obtained with HCl. Another point of difference in these 
two groups of curves is that the pH runs lower in case of the HCl titra- 
tions, which is probably due to the greater dissociation of HCl at the 
concentrations used. It is not clear, at present, why these curves should 
have this form. Several reactions were undoubtedly taking place; 
neutral salts of calcium and magnesium and in smaller quantities of 
potassium and sodium were formed, acid salts of iron and aluminum 
were added or formed, weak acids were split off from soil salts, and 
in case of the HCl titrations, hydrogen ions were added. In addition 
to the foregoing, other reactions might have taken place. Perhaps the 
only statement that may be reasonably made in this connection is that, 
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the acid curves represent the resultant concentrations of hydrogen ions 
of the several reactions involved. Points obtained from the No. 10 
units taken at later periods than two days are indicated on the graphs. 
An important conclusion that may be drawn from these acid curves, 
and one bearing on the object of this experimentation, is that in presence 
of an excess of acid reagent the soil acid reaction goes to a certain point 
and remains quite constant for several days, at least so far as may be 
determined by measuring the concentration of hydrogen ions. If this 
be true, then the line of separation between the more soluble soil bases 
and the insoluble soil bases is quite marked and the quantity of active 
or easily soluble soil bases may be quite accurately determined by 
direct titration with dilute, strong acids. This point will be taken 
up again later under methods for determining active bases and excess 
acids in soils. 


BACK TITRATION CURVES NOS. 3 AND 4 


The alkali back titrations were all made with Ca(OH)., but the 
acid back titrations shown in the first group of curves were made with 
Al,Cl, and in the second group with HCl. In performing these back 
titrations a quantity of acid or alkali equivalent to the previous treat- 
ment was added to each unit, and the volume of the liquid in each 
unit was increased above 50 cc. by the volume of the reagent used. In 
case of the back titrations with acids, the volume increases from 50 ce. 
to 59 cc. over the series, but with the alkali, from 50 cc. to approximately 
73 cc. because in the latter case more of a saturated solution of Ca(OH), 
was required to equal the 0.1 N equivalent. Evidence will be introduced 
later to show that this increase in volume could have had only a slight 
effect on changing the pH of soil suspensions. Gillespie and Hurst (2), 
and Sharp and Hoagland (7) have also published data to this effect. 
Allowing for changes in pH produced by volume increases, changes in 
hydrolysis and solubilities, it may be said that in these back titrations 
the pH comes back closely to that of the untreated soils. Apparently 
the Ca(OH)., wholly or in part, forms salts with weak soil acids and 
these salts may be back titrated closely to the point of chemical equival- 
ence with strong acids. 

Considering the acid titrations, salts were formed with soil bases, 
but a quantity of alkali equivalent to the acid used in the initial treat- 
ments brought the pH of the mixtures closely to that of the untreated 
soils. The acid salts formed might be back titrated, but it would be 
difficult to account for the quantities of alkali used equivalent to the 
neutral salts formed unless it were assumed that in forming these 
neutral salts, soil bases were split off from weak acids and these acids 
took up the alkali in the back titrations. 


THE TEMPERATURE FACTOR 


Temperature control was not provided for individual determinations. 
An attempt was made, however, to control the temperature within cer- 
tain limits of the room in which the work was done by regulating the 
ventilation. This room was situated on the north side of a brick build- 
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ing and its air temperature as measured by a thermometer suspended 
near the hydrogen electrode apparatus, rarely varied more than one de- 
gree from 25°C during measurements. Since the temperature correc- 
tions are small in magnitude in hydrogen ion concentration measure- 
ments, and since errors of duplication on soils are often greater than 
those introduced by small temperature changes, it is thought that con- 
clusions drawn from this experimental work will not be changed by 
introducing the temperature correction values. 


END POINT AND TIME FACTORS 


There are indications of a slight buffer action below pH 7.00 best 
seen in curves No. 1. Also, a slightly greater rise in pH may be ob- 
served in the vicinity of pH 7.00. Although soil acids are weak in their 
effects and can not be expected to give distinct end points this may 
be considered some evidence of salt formation between soil and Ca(OH), 
with an end point slightly above pH 7.00, indicating the possibility 
of the formation of a salt of calcium with a weak soil acid. While pH 
7.00 has been used as the point of neutralization in this work, it is be- 
lieved that the true end point of this reaction lies slightly above pH 
7.00. The buffering effects shown in the second group of alkali titra- 
tion curves indicate that other end points might be obtained were the 
titrations carried further. 

In order to test the permanence of the pH in the units lying nearest 
»)H 7.00 readings were taken after 14 days standing and these readings 
were close to the original ones. A quantity of Ca(OH), equivalent to 
3.1 ce. 0.1 N alkali was added to 10 gms. of the medium sand soil to- 
gether with sufficient water to make the total volume of liquid 50 ce. 
and this soil required 744 hours of constant stirring to bring the pH 
down to the neutral point. In view of these and preceding results it 
seems that at least a day’s time is required to complete the reaction 
between soil and Ca(OH), below pH 7.00. 


METHODS FOR DETERMINING ACTIVE BASES AND EXCESS ACIDS IN SOILS 


Methods for determining the quantity of soil bases other than iron 
and aluminum that will react with dilute HCl, and of soil acids in acid 
soils in excess of the quantity of soil bases were devised based on the 
foregoing experimental results. The active bases were measured by the 
quantity of 0.2 N HCl neutralized by 20 gms. of soil; and the exvess 
acids measured by the quantity of Ca(OH), required to bring the soil 
to pH 7.00 by indirect titration, using 0.1 N equivalents of Ca(OH), 
and 10 gms. of soil and the hydrogen electrode as an end point indicator. 


Method For Determining Active Bases In Soils —20. gms. of air dry 
soil were placed into an 8 oz. sterilizing bottle and 50 cc. of 0.2 N HCl 
added. The bottle and contents were shaken in a machine for three 
hours. The solution was then separated from the soil mass by filtra- 
tion and 25 cc. drawn from the filtrate, boiled to expel CO., and titrated 
for excess of acid with a 0.2 N KOH solution, using brom thymol blue 
as the end point indicator, to a faint blue color. When the precipitate 
of iron and aluminum hydroxides was voluminous it was found neces- 
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sary to proceed with caution in titrating when near the end point and 
to allow the precipitate to settle in order that the color of the dye 
could be observed in the clear solutions. The quantity of HCl neutral- 
ized by the soit bases is determined by difference and its equivalent 
in bases computed as calcium. For soils containing carbonates it was 
necessary to use quantities smaller than 20 gms. depending on the 
amount of carbonates present. 

Method For Determining Excess Acids In Acid Soils —10 gms. of air 
dry soil were placed into each of several 8 oz. sterelizing bottles, the num- 
ber depending on the range to be covered to pass the neutral point. 0.1 N 
equivalents of Ca(OH), were added to the soil portions, in steps in- 
creasing by 1 cc. in magnitude, with sufficient neutral, distilled water 
to make the solution total 50 ¢.c. The bottles were then shaken four 
hours and allowed to stand one day. After standing, the pH of the 
series was determined, a curve plotted using pH as ordinates and ce. 
of 0.1 N equivalents as abscissae, and the quantity of Ca(OH), required 
for neutralization determined from the curve to 0.1 cc. of 0.1 N equival- 
ent. 

These methods were used on 10 and 20 gm. portions of the four soils 
under experimentation in order to check on different quantities of soil. 
Results for active base determinations are given in Table 1 and those 
for excess acids are plotted with the second group of curves. It may 
be seen from these results that good checks were obtained. 

The 20 gm. portions of soil used in the foregoing experiment were 
washed until the leachings were free from chlorine and the method re- 
peated on them. These-results are given in Table 1 in the column, HCl 
neutralized after drying. On the average only about 3.4 per cent more 
bases were obtained in the heavier soils. Assuming that the more in- 
soluble soil materials hydrolyze, these results are to be expected. 


Takle 1.—Quantities of HCl neutralized by different amounts of soils. JResults in cc. 
0.2 N HCl. 


Weight of soil.... 10 gms. 20 gms. 

HCl neu- 

tralized 
Time of shaking. . 1 hr. 2-hr: Bebe 1 HT: PAN ne 3. hr. after 

drying 
Medium sand.... eee 132 i 2.4 2.4 ee! 0.0 
Sandy loam...... 2G 2.6 Pale yer 5:4 5.4 0.2 
Siltvlodme sos aoe 6.0 6.0 6.0 | ee 2 12.4 0.4 
Clay loam’... 23. 9.2 9.2 9.0 17.6 17.6 17.8 0.6 


EFFECT OF VOLUME OF SOLUTION 


It was considered advisable to check pH determinations on different 
volumes of solution. These results are presented in Table 2, in com- 
parison with those obtained by the method previously defined. There 
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is a tendency toward a somewhat higher pH value in the solutions of 
greatest volume, although this tendency is ao well marked. 


Table 2,—Effect of volume of solution—treated and untreated soils. 10gms. of soil. 


ce. pH 

1N 

Ca(OH): equiv. 
50 ce 75 cc. 100 ce 
Meditim sand: o 202 s-3.5.05 S23 Shee eee eee lone ee 4.85 4.82 4.90 
a5 te eed aos PRS Oe. 7.9 Sind! 7.00 6.98 Tonia 
SanGy LOAM? . c.o..10 5% cise ayes tole wie talsheteteteh nie cel obeleuete tee mereie | eat keto tert oee ae 5.11 5.16 5.19 
i PET Miacs tatiel os abe Pond Rte Tere tte be hes aie Reet de LOG 4.2 7.00 6.97 (hailey) 
Silt§ loam si. so nck Ps See ee rate aa ees sR eae ee 5.95 5.80 5.87 
Pe ee Ree eS nie Soe it POoe oe 8.5 3.35 7.00 7.05 7.05 
Glay loam.) 24.6 3) S5, SEER Se een ee See eee 5.83 5.82 5.80 
ee Re ae. eee 12.7 5.00 7.00 713 7.10 


APPLICATION OF FOREGOING METHODS 


A series of soils was selected covering a range in pH from 4.73 to 
8.12 and the foregoing methods for active bases and excess acids ap- 
plied to them in order to determine the possible correlations. These 
results are given in Table 3, and show, apparently, an important re- 
lationship between the base—acid ratio and the pH of the soils. Since 
only the total quantities of bases and acids are determined, the results 
are given in terms of calcium equivalents. Quantities of total active 
acids were obtained by adding results for active bases to those for excess 
acids, assuming that the active bases were combined with an equivalent 
of active acids. These results may also be considered a check on the 
accuracy of the methods. 


Table 3.—Showing relationships between active scil bases, acids and pH. Results in lbs. 
expressed as lbs. calcium to 2,000,000 lbs of soil. 


Active Total Time re- 
Soil Class alkali Excess active b/a pH quirement 
earth acids acids Tatio lbs. 
bases (b) (a) CaCO; 
Sand yslosiniss oem eee 800 1,120 1,920 0.42 4.73 2.800 
The medium sand........... 960 1,240 2,200 0.44 4.85 3,100 
MG ain Cita nya Sa ee 1.840 1.800 3,640 0.51 4.94 4,500 
‘Thelsandytloant.2>. 22 den. 2,10 1,€80 3,840 0.56 Set 4,200 
Sandy loam 4,1°0 3,000 7,160 0.58 5.24 7,500 
Sandy loam 3,280 1,720 5,000 0.66 5.44 4,300 
Medium sand 1,7€0 880 2,640 0.67 5.48 2,200 
Medium sand 2,400 1,040 3,440 0.70 5.50 2,600 
Siltjoam’. eae eee see ee 2,960 960 3,920 0.76 5a65 2,400 
Medium sandh os oer 1,040 280 1,320 0.79 5.78 700 
NECA lal ston stor tees 7,120 2,000 9,120 0.78 5.83 5,000 
Phe silt loOAMA se cose eee 4,960 1,340 6,300 0.79 5.95 3,350 
WING SAN anc at pert el ere 5.520 1,400 6,920 0.80 6.00 3,500 
Silt loam eee sete eee. ke 6,560 960 7,520 0.87 6.39 2,400 
Clay loamy mateo ce ccc 9,840 560 10,400 0.95 6.66 1,400 
SilPMOAM Pe tock. cis kins ence 12 ASO are ipelece moet 12,480 1.00 TOD lore ateke eerebele 
sy Uh i terriers ye bint eae eRe Db P20 Glin eee eaceetapece areal lobeccream chev ciate 7 OLE eee Fk tee 
Sandyijloameep eres een oe 1H) UE emcee aca cl ante aby caonaeney| |e ceecicr tens TSSOP ee te haters 
Medium sand (limed)........ (G1) ies ei er eel (eet ticnnis ra (cats Os ne TQS! MRS, mercer 
Clay: \(SUDSGII) pene ees eee 15 233 (GOO. ls eco eae eee Ae ere es ta DA FES SA DR aS tee 
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It may be observed from Table 3 that, according to these methods, 
there are no direct relationships shown between soil class, active bases, 
excess acids and pH. The term lime requirement refers in this case to 
the quantity of calcium as Ca(OH), required to neutralize 2,000,000 
Ibs. of soils and expressed as Ibs CaCO. 

Reference is here given to the work of Swanson, Latshaw and Tague 
(10) who state that the quantity of Ca(OH), necessary to raise the 
pH of soils to a definite point does not depend on the pH of the un- 
treated soils, and that the quantity of soil calcium soluble in dilute 
acids, or the total soil calcium, is not related to the pH of Natural soils. 

A direct relationship, however, was found to exist between the 
base-acid ratio and pH, below the neutral point. A logical conclusion 
to be drawn from these results is that the pH of soils, or the concentra- 
tion of hydrogen ions, is controlled by the proportion of active soil 
bases to the active soil acids. This is not a direct proportion between 
the pH and base-acid ratio as is shown by the curve in Fig. 11, where 
pH is plotted against base-acid ratios; but the concentration of hydro- 
gen ions decreases more rapidly above pH 4.00 as the quantity of 
active bases becomes greater in proportion to the quantity of active 
acids. This curve is typical of hydrogen ion titration curves obtained 
by titrating weak acids with alkalis and strongly supports the conclu- 
sion previously given that Ca(OH), and other alkalis may form salts 
with soil acids. 

The first point on the curve in Fig. 11 was determined in the fol- 
lowing manner: 20 gm. portions of the four soils were treated with an 
excess of a 0.2 N acid solution of Al.Cl,, shaken for three hours, washed 
until washings were free from chlorine and the pH determined in the 
regular manner. The results found were: Medium sand pH 4.06, 
sandy loam pH 4.06, silt loam pH 3.92, and clay loam pH 3.96. Since 
the pH was nearly the same on the four soils after their active bases 
had been leached from them, it was assumed that the average of these 
figures, pH 4.00, was close to the pH of the soil acids, and this point 
was plotted on the curve in order to compare with the other points 
given. 

It may also be seen from Table 3 that when either the quantity of 
active bases or the quantity of excess acids is known the other may be 
computed by using the base-acid ratio and pH factors. Points on the 
curve in Fig. 11 are determined on a series of different soil classes 
taken from various soil formations and when these differences are con- 
sidered the correlation between base-acid ratio and pH seems remark- 
able, unless these soil acids, or the major portion of them, have the 
same chemical composition. Provided soil acids of soils formed under 
different climatic and geologic conditions are not the same chemical 
compounds, variations from base-acid ratios and pH from those given 
here, are to be expected. 
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Fig. 11.—Base-acid ratio and pH relationship. 


GENERAL DISCUSSION 


The causes of the reaction of soils must be considered fundamentally 
the same as for other chemical agents, and that soil acidity is due to. 
an excess of hydrogen ions and soil alkalinity to an excess of 
hydroxyl ions. Since mineral soils neutralize both acids and bases 
the active chemical constituents must be amphoteric in nature. This 
assertion may also be applied to alkaline soils as data are herein 
presented showing that the reaction between soil and Ca(OH), does 
not stop when soils are neutralized with this reagent. Evidently al- 
kaline soils contain salts or acids with replaceable hydrogen in their 
structure or produce hydrogen ions through their dissociation with 
water. The specific nature of active mineral soil compounds is be- 
lieyed to be largely alkali soil bases combined with complex silicic 
acids forming amphoteric salts, together with free complex silicic 
acids. In this work only major reactions or resultant effects were 
studied and hence it was not known if the reactive soil compounds 
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were single salts or a mixture of different salts and acids. There were 
evidences, however, of the formation of a series of salts in the alkali 
titrations, analogous to the salt series formed by titrating H,PO,, with 
KOH, although as previously stated, these salts might have belonged 
to different series. A large portion of the active materials of soils must 
be considered insoluble in water, but the solubility of these components 
is sufficient to determine the reaction of a soil by means of its water 
solution; but the pH of a soil, or degree of acidity or alkalinity, depends 
on the relative quantities of hydroge nions and hydroxyl ions in solution 
which is controlled by the proportion of active bases to active acids, 
and not by the total quantities of these components present. 

Calling attention again to Table 3, all the soils with pH above 7.00 
contained carbonates, but no relationship was discovered between con- 
tent of bases and pH in the four soils studied. Evidently concentra- 
tion of hydroxyl ions in these soils depends on factors other than soil 
class and quantity of carbonates. In this connection, it is believed that 
CO, plays an important role. These pH determinations were made on 
air dry soils and a longer time was required for equilibrium than in 
case of the acid soils. : 

The pH of acid soils was found to increase in magnitude on stand- 
ing in contact with water. These results show that when the pH of 
field soils is desired it is imperative that the determinations be made on 
fresh, moist field samples. Results in Table 3 also show that acid soils 
may have a greater neutralizing value for acids than carbonate soils; 
and that the major cause for soils becoming acid is the loss of soil 
bases. While the presence of carbonates may not be necessary for a 
neutral or alkaline soil, they maintain a balance between silicate-bases 
and acids when finely divided and well distributed through the soil 
mass. 

The reason for using Al,Cl, in this investigation was that it was 
assumed that this reagent would hold back the dissociation of soil iron 
and aluminum and react only with the alkali bases. That this effect 
might be accomplished was shown by the fact that only slight traces 
of iron was found in soil solutions after treatment with AI,Cl,, by 
qualitative tests, but because the hydroxide formed coated carbonate 
and soil particles and tended to prevent further reaction, its use was 
abandoned. As shown by the results, however, the effects produced by 
added hydrogen ions in HCl were similar to those obtained by using 
Al,Cl,. There is a point here seemingly of practical importance, that 
is, injury may result to plant growth if soils are treated in such a man- 
ner as to precipitate hydroxides of iron or aluminum in them. 

The end point in the soil—Ca(OH), reaction is considered to be 
slightly above pH 7.00. This being the case it may be expected that 
the end point in a reaction between soils and stronger alkalis will be 
still higher on the pH scale. Since Hoagland (4) has shown that 
hydroxyl ion concentrations greater than pH 8.25 were distinctly in- 
jurious to barley seedlings, and that hydroxyl ions were more toxic than 
hydrogen ions for equal divergences from pH 7.00, alkalis might be in- 
jurious when added to soils under conditions where the pH would be 
raised above 8.25. The injurious effects of watering green house plants 
with large quantities of hard waters are quite well known and may pos- 
sibly be explained on this basis. 
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Apparently, the point to be reached in liming soils and proper 
amounts of liming materials to apply is still an open question. Should 
soils be neutralized, made alkaline or held at a certain pH? Whatever 
the answer to this question is, it is evident that more intensive research 
should be carried on to determine more of the effects of liming soils; 
the chemical systems set up and their effect on plant growth. The effect 
of an excess of liming materials applied to soils may be important from a 
practical standpoint. Evidence was given to the effect that in the presence 
of an excess of Ca(OH), there was a continuous reaction between soils 
and this reagent. Provided this reaction is between Ca(OH), and the more 
insoluble soil acids a greater quantity of more active acids may be 
formed in soils than previously existed there, when the added base is 
again lost from the soils. This situation brings up a question as to 
the advisability of adding smaller amounts of liming materials to soils 
often, rather than a large excess at any one time; or the advisability of 
maintaining the pH at or somewhat below, the neutral point rather 
than making soils strongly alkaline. The possibilities of crop injury 
due to the effects of liberating quantities of CO, in soils from the use 
of CaCO, alone and with acid fertilizers should not be overlooked. 

The proper use of various fertilizing materials on different soils con- 
taining varying amounts of active materials involves a better under- 
standing of the effects produced by fertilizer treatments. There is need 
for a clearer definition of the chemical reactions involved. Changing 
the solubility of soil bases, and varying the pH of soils, as well as the 
formation of new compounds, undoubtedly exert a great influence on 
plant growth. 

It seems reasonable to assume that the active soil materials are 
those most concerned with crop production and fertilizer reactions. If 
the degree of acidity of a soil correlates with crop response then the 
proportion of active soil bases to acids assumes great importance. The 
magnitudes of fixation of cations of neutral salts correlates with the 
quantity of active bases in soils, and the fixation of phosphorus de- 
pends to some extent on these substances. Increasing the basic con- 
tent of soils accentuates these conditions. These factors, then, play 
an important part in the solubility and retention of fertilizers and the 
chemical compounds formed by fertilizer salts, in addition to their ef- 
fects on the soil reaction. 

The results presented in this publication give a better understand- 
ing of the nature and relationships of soil components, and seem to 
emphasize the importance of the base-acid ratio in soils. Correlations 
of great practical value should be obtained from applications of these 
methods to practical field problems. It is the plan to continue this 
work along similar lines in an attempt to define fertilizer salt reactions 
on different soils using data herein contained as a basis for operations. 
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SUMMARY 


The object of this research was to determine the neutralizing value 
of mineral soils for acids and alkalis by means of the hydrogen elec- 
trode and indirect titration. Some of the conclusions drawn are listed 
below. 

1. The neutralizing value of mineral soils for acids and alkalis*may 
be quite accurately determined and methods are devised for this pur- 
pose. 


2. When soils are treated with Ca(OH), the reaction proceeds 
slowly and comes to an equilibrium on pH 7.00 with the quantity of 
Ca(OH), required to raise the pH of soils to this point in at least 24 
hours but in presence of an excess of Ca(OH). an equilibrium is not 
obtained, indicating that this further reaction is continuous over a 
long period of time. 


3. At least one end point in the soil—Ca(OH), reaction appears 
to be slightly above pH 7.00. 

4. Ca(OH), forms salts with soil acids. 

5. A soil-acid equilibrium may be obtained in a short period of time 
in presence of an excess of acid and this equilibrium is quite constant 
over a period of several days, showing that a rather sharp distinction 
may be made between reactive and inactive soil bases. 

6. Weak soil acids are split off when soils are treated with strong 
acids. 

7. When the methods devised for determining active bases and excess 
acids in soils were applied to a series of soils of varying pH, no direct 
relationships were discovered between soil class, active bases, excess 
acids and pH; however, a direct relationship was exposed between the 
base-acid ratio and pH of the soils. 

8. The pH and base-acid ratio plotted as a curve corresponds to the 
normal hydrogen ion concentration curve obtained in weak acid-alkali 
titrations. 

9. The quantities of lime required to neutralize a series of miscel- 
laneous soils do not correlate with their degree of acidity. 

10. The base-acid ratio in soils is believed to be of great practical 
importance. 
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THE OCCURRENCE OF PROTOZOA IN PLANTS AFFECTED WITH 
MOSAIC AND RELATED DISEASES* 


Technical Bulletin No. 58 
RAY NELSON 


GENERAL CONSIDERATIONS 


The mosaic diseases of plants have occupied a prominent place in the field of 
phytopathological research for many years. Their increasing economic im- 
portance and wide distribution have attracted the attention of more and more 
workers in this country and abroad, and today they constitute a major project 
for investigation in most of the institutions where botanical research is 
carried on. For several cultivated crops the mosaic diseases of the infectious 
type are the most serious diseases known. Much progress has been made 
along the lines of inter-relationships, modes of transmission, overwinter- 
ing, etc., but, despite the large amount of work done, the etiology of not 
one of the group has advanced much beyond the realm of speculation. 
The enzyme theory has its followers, and there are those who lean toward 
a belief in the bacterial nature of the causal agents, but apparently the 
concensus of opinion among plant pathologists is, that the mosaic 
diseases are analogous to certain animal disorders caused by the so-called 
filterable viruses. Probably no single factor has so retarded research into the 
nature of the etiological factor of these diseases as the general belief that the 
organisms are so small that they can pass through filters, the diameter of 
whose pores is smaller than the visual magnifying powers of the micro- 
scope. While the trend of evidence has seemed to indicate that the par- 
ticles of infectious material in the form that they are extracted from the 
tissues of diseased plants are very small, there is little justification for the 
conclusion that these filterable forms represent the only ones capable ‘of 
producing the disease. The extreme polymorphism that is characteristic of 
the life-cycles of many of the protozoa and our lack of knowledge concerning 
filtration through pressure and suction filters, open for the investigator in 
mosaic diseases fields for research which have as yet been unexplored. 

Recently. interest has been aroused through the work of Matz (1)t, Kunkel 
(2), and Palm (3), who respectively, have found foreign bodies in the cells 
of sugar cane, corn, and tobacco plants affected with mosaic. Although no 
definite organisms have been demonstrated in the tissues of any plant affected 
with mosaic or the closely related diseases, the work in progress indicates a 
general belief by many workers in the occurrence of such a factor. 

*The writer is greatly indebted to Dr. G. H. Coons for very valuable suggestions given during the 
* course of this investigation. He also acknowledges the helpful criticism of Dr. E. A. Bessey and his 
aid in the interpretation of the slides. 


= Lt number in parenthesis refers to the number of the article in the bibliography on page—of this 
ulletin. 
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Symptoms of Diseases of This Type 


Many of the economically more important plant families contain indi- 
viduals or groups of plants known to be affected with mosaic disease. More 
than twenty families have been so recorded. The symptomatology is strik- 
ingly similar for nearly all these plants, suggesting a close relationship among 
the causal agents. With but slight modification or amplification the descrip- 


Fic. 1. Bean plant affected with mosaic, showing th2 typical mottling and distortion of foliage. 
Slightly reduced. 


tion of mosaic symptoms on any plant can be made applicable to any other 
plant of a different group. (See Fig. 1, Bean Mosaic.) In general, typical 
symptoms include: mottling of the foliage in darker and lighter areas, crink- 
ling of the leaves, or other distortional modifications, dwarfing, reduction in 
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yield, and communicability of the etiological factor by contact or through the 
intervention of insects, mainly the Aphididae. Wilting, chlorosis, leaf drop, 
canker formation, are symptoms specific for certain mosaic diseases but are 
not generally applicable to the group. 


Histological Lesions in Related Diseases 


Quanjer (4) has found and described a definite necrosis of the phloem 
tissues in potato plants affected with leaf-roll. His findings have been con- 
firmed by Artschwager (5). No investigation of the phloem tissues of mo- 
saic plants has so far been reported, and apparently the significance of the 
association of necrotic tissues in a disease so closely related to mosaic as leaf 
roll has not been appreciated. In disease phenomena, cause and effect are 
usually closely associated, so that it seems reasonable to assume that the 
finding of certain areas specifically affected by disease indicates also the 
location of the inciting cause. The location in the phloem of the agents 
which cause the mosaic diseases is further indicated by observations on mode 
of transmission. 


Modes of Transmission 


The mosaic diseases, and others, like potato leaf-roll, are transmissible by 
insects. Plant lice are mainly responsible for the widespread dissemination 
of the infectious material. The feeding habits of these insects offer valuable 
evidence as to the probable nature and location of the causal organisms. 
Those species known to transmit these diseases take their food material from 
the phloem tissues of the host plants, and after feeding for some time upon the 
veins and parts of the plants close to the phloem they are capable of trans- 
mitting the disease to healthy plants. Other species which do not attack 
the food-conducting tissues have not been shown consistently to be carriers 
of the infectious agents. 

The fact that some of the mosaic diseases are contagious indicates that 
the causative agents are generally distributed in the plant. Juice expressed 
from any aerial part of the plant is usually effective in reproducing the 
disease when inoculated under favorable conditions into healthy plants. A 
cytological study employing modern improved methods, in a search for pos- 
sible causative organisms in the phloem of diseased plants has not been re- 
ported. Investigators have reported meagerly upon observations of tissues 
in mosaic plants but no exhaustive search has been made of the phloem, 
apparently the vulnerable point of attack in seeking for the solution of the 
true nature of the mosaic organisms. 


PRESENT INVESTIGATIONS 


Bean mosaic investigations have been in progress at the Michigan Agri- 
cultural Experiment Station since 1919. Most of the work has been con- 
cerned with variety and species susceptibility, and with insect transmission. 
Some cytological work was done during 1921 but was not pursued to any con- 
clusion. As soon as mosaic material was available in the summer of 1922 
an intensive histological study was projected, using all of the common killing 
and fixing solutions and botanical stains. The main object of the investi- 
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gation was to determine whether or not any organisms could be demonstrated 
in the sieve tissues of mosaic plants. As the bean work progressed the scope 
of the investigations was widened to include tomato mosaic, clover mosaic 
and potato leaf-roll. 


Materials 


Bean mosaic material has been available in great quantities from a mosaic 
seed plot which has been grown each year as part of the field experimental 
work. This has included most of the common varieties of field and garden 
beans, as well as Lima, yard long, adsuki, rice, urd, tepary, moth and Windsor 
beans. All of these species showed distinct mosaic symptoms during the 
summer of 1922, which was a very favorable season for the development and 
spread of the disease. For a study of healthy tissues, seed from healthy 
plants was grown under cheese cloth cages in the greenhouse. 

Tomato mosaic was common late in the summer and material was collected 
from several gardens where practically all of the plants were diseased. Po- 
tato leaf-roll was not found in great quantity but sufficient typical material 
was secured for the purpose of this investigation. Clover mosaic was plen- 
tiful and was used as a check upon the results obtained in studying bean 
mosaic, since it has been shown that the mosaic disease of each can be recip- 
rocally transferred. 


Methods 


In all of the early work on bean mosaic the ordinary botanical histological 
methods were followed. Paraffin sections were stained with the stains most 
used by botanists. Many thousand transverse sections were cut of leaf, 
stem and petiole material imbedded in paraffin and studied under the high 
powers of the microscope, but, aside from slight deviations, diseased plants 
revealed nothing more than healthy ones. It was then decided to try other 
killing and fixing agents and employ new stains. Various solutions used by 
protozoologists were modified to adapt them to plant material, and protozoan 
stains were used for coloring the sections. Small bits of stems, leaves and 
petioles were taken from near the growing points of the plant and fixed for 
12-24 hours in the killing and fixing solutions. The material was then washed 
for 24 hours in running water, dehydrated and imbedded in paraffin in the 
usual way. A radical departure in technique, and one which it is believed 
would have illuminated the mosaic problem long ago if employed, was intro- 
duced at this point. Longitudinal sections 10 microns thick were cut from 
the paraffin material. From the photomicrographic illustrations in works 
published on mosaic and related diseases it appears that the basis of these 
studies has been mainly the study of transverse sections. Apparently little 
work has been done in which longitudinal sections have been stained and 
critically examined. There are probably various reasons for this. It is 
very difficult to cut longitudinal sections of stem and petiole material due to 
the lignification of the xylem elements and the presence of fibrous tissue in the 
phloem. Much patience and a perfect condition of the sectioning razor are 
essential to success in securing sections that are not badly mutilated. Since 
the general assumption has been that the organisms were very small and gen- 
erally distributed throughout diseased plants, the conclusion that transverse 
sections should contain them was sound from this standpoint. However, the 
results of the work presented here show why the cross section method has 
failed. Transverse sections have proved, in the author’s work, to be without 
value so far as showing the location, position or nature of the organisms. 
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Longitudinal sections are apparently indispensable and have revealed struc- 
tures not demonstrable by any other method. 

Some erroneous views held by botanists have been dispelled by observa- 
tions of many thousands of sections of bean, tomato, potato, and other 
plants. Some botanists have taught that nuclei are not present in the sieve 
tubes. Nevertheless, they occur regularly in sieve tubes in all stages of 
development and are easily demonstrated by a study of longitudinal sections. 
Plastids, which are also supposed to be absent from the sieve tubes, are 
often found in great numbers. This is especially true of cucurbitaceous 
material. In mosaic plants the plastids may almost surround the nucleus in 
cells of the sieve parenchyma and adjoining tissues. Abnormal nuclei are 
also present throughout the phloem of diseased plants and may easily be 
mistaken for possible organisms by any one not familiar with the material. 
Chondriosomes are numerous in the parenchyma cells of some of the plants 
studied and due to their great resemblance to large bacteria, especially 
in stages of division, are susceptible to erroneous interpretation. 


ORGANISMS IN DISEASED PLANTS 


Bean Mosaic 


The sieve tubes of bean plants are remarkably free from food particles 
that take the stains used in this work. This is not true with all plants since 
sections of mosaic material from plants of other kinds have shown these tubes 
to be filled with deeply staining granules of appreciable size. Because of the 
clarity of the phloem tissues when properly destained the bean offers excellent 
material for a study of this kind. 

Longitudinal sections of stems or petioles from mosaic plants, killed and 
fixed in protozoan killing and fixing solutions! and stained with Haidenhain’s 
iron-alum haematoxylin, show the constant occurrence of biflagellate organ- 
isms in the sieve and sieve parenchyma cells. They are fixed and stained 
powerfully by these solutions and by proper destaining all color can be re- 
moved from all plant structures except the nucleoli and chromatin and still 
remain brilliant in the organisms. The organisms are relatively*large, some 
individuals being 18 microns in length, and are easily seen with ordinary 
high power dry lenses. Including the fully extended flagella some indi- 
viduals will measure 50 microns. These flagellates are scattered throughout 
the sieve and adjoining parenchyma cells in the stems and petioles of diseased 
plants. They could not be found in the tissues of healthy plants, of which 
many were studied, using the same methods of killing, fixing, dehydrating, 
sectioning and staining. Fig. 2 is a photomicrograph of a longitudinal sec- 
tion through petiole phloem of a diseased plant and illustrates the distribution 
of the organisms. 

The following are the principal forms that have been observed in sections 
of diseased tissues: (1) Large, elongated, biflagellate, tapering, or cigar- 
shaped individuals with the form of the body resembling organisms belonging 
to the genus Leptomonas, the flagella being attached at opposite poles. This 
is the most common type. (2) Ovaliform biflagellates of the same type. 
(3) Deep-staining, slightly elongated bodies, surrounded by a lighter en- 


*Various standard solutions containing Hg Clo, were used. 
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velope, with flagella running down to the centrally stained portion and pro- 
jecting from each end of this destained envelope. Individuals of this type 
may be almost spherical and occur in pairs in the same cell. (4) Very small, 
elongated flagellates, less than 0.5 micron in diameter and similar to type 1. 
These are common in sieve and parenchyma cells and probably represent very 
young forms of type 1. (5) Deeply stained oval bodies with degenerate 
flagella and occasional remnants of an outer envelope. These may be 
encysted forms. (6) Small, elongated, non-flagellate bodies which occur in 
great numbers in the degenerate chloroplasts of the sub-epidermal cells of 


Fic. 2. Longitudinal section through the phloem of b2an plant affected with mosaic, showing flagel- 
lated organisms lying in the s'eve tub23 and sieve parenchyma cells. 650. 
A. Body of the flagellates. 
B. Flagellum. 


diseased stems and petioles. They may entirely fill the cell lumen by their 
escape from the chloroplasts or remain imprisoned within them (Fig. 7). 
These organisms are very variable in size but are much smaller than the 
flagellate forms. Since a detailed study will have to be made of all these 
types before they can be assigned a place in the life history of this organism 
they are given only brief mention here, and will be described fully in a future 
publication. Such diversity of form indicates the probability of extreme 
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polymorphism in the life cycle. Some of these may be transitional forms 
and others may be merged upon further study. 

Types 1 and 2 are shown in Fig. 3, and another individual of type 1 more 
highly magnified is seen in Fig. 4. The flagella may project in the axial line 
from the body of the organism or they may emerge slightly to one side of the 
axial line. The flagella extend into the body of the organism for a very short 
distance and seem to have their origin in blepharoplasts or basal granules 
which are located near the extreme ends of the flagellate. These basal 


Fie. 3. Pio tomicresrarh of biflagellate, elongated protozoan in sieve tube of mosaic bean plant 
x eee: 


Elongated organism of type 1. 
B Flagellum. 
C. Ovaliform flagellate, type 2 
D. Cell nucleus with deeply- -stained nucleolus in center. 


granules take the stain more intensely than the rest of the organism and are 
easily located. 

The nucleus is apparently little affected by the haematoxylin stain, 
although an occasional one, faintly colored, is seen centrally located in the 
cell. Special stains will have to be used to bring out details of structure. 
So far the polychrome methylene-blue stains and their modifications have 
not given satisfactory results with plant material. The main difficulty seems 
to be that destaining or dehydration in alcohol removes the stain from the 
organisms as well as from plant structures. 

The majority of these flagellates lie in a plane parallel to the long axis of 
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the host cell. Their length would in most cases prevent their assuming any 
other position, although smaller forms are sometimes found in an oblique 
position. The flagella are extended in the majority of cases but may be 
coiled in various ways. The full extension of the flagella seems to be corre- 
lated mostly with the position of the organisms in relation to the host cell 
nucleus. In nearly every case the flagellates will be found to lie very close 
to the nucleus with one or both flagella in contact with the nuclear surface, 
or else the body of the organism is located parallel to the axial line of the 


Fig. 4. PRorerni Cro rapy of a single biflagellate organism in a sieve parenchyma cell of bean petiole. 
<i 


A. Body of the flagellate. 
B. Flagellum. 
C. Sieve parenchyma cell. 


nucleus and one flagellum is coiled around it. ‘In one very interesting case 
the entire body of the flagellate lay in contact with the nucleus, the flagella 
being fully extended from both poles. Nuclei in various stages of degenera- 
tion occur throughout the phloem tissues and there seems little doubt of the 
direct influence of the presence of the flagellates upon the activities of this 
structure. 

The mode of division of the biflagellate forms is by simple, longitudinal 
binary fission. Preceding the division of the organism the basal granules 
divide, the flagella split throughout their entire length or divide only par- 
tially, a v-shape slit appears in each end of the body and division then oc- 
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Fic. 5. Photomicrograph of longitudinal section through leaf petiole of mosaic bean plant, showing 
first stage of division of fiagellate and proximity to host cell nucleus. X 1500. 
A. Division of flagella preceding longitudinal binary fission into two flagellates. 
B. Biflagellate organism lying in contact with host cell nucleus. 
C. Nuclei with dark-staining nucleoli in center. 


Fic. 6. Flagellate from bean plant dividing by longitudinal binary fission. X_1800, 
A. Two daughter aT? ; : : 


B. Flagellum partially divided, 
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curs, separating the organism into two equal daughter flagellates. These 
stages of division are shown in Figures 5 and 6. It is very likely that other 
modes of division occur in the life history of this organism. No form of 
division which produces the very small flagellates, some less than 0.3 micron 
in width, has been observed. Whether the large, elongated forms represent the 
adult type, which would be the basic form for generic classification, or whether 
some of the other types are the real adults, are questions which can not yet be 
answered. The form in which the organism is inoculated into healthy plants 


V 


Fie. 7. Photomicrograph of longitudinal section through subepidermal tissue of bean plant affected 
with mosaic. Note that the chloroplasts are filled with small, elongated, deeply-stained 
organisms. X 1500. 

A. Chloroplasts filled with the organisms. 


by the aphids which transmit the disease, and the question of whether or 
not these insects are merely accidental carriers of infectious material or actual 
hosts for some form in the life cycle of the flagellates are questions whose 
answer is merely speculative at present. 

The migration of these flagellates from cell to cell has not been observed. 
The small forms might readily pass through the perforations in the sieve 
plates and thus become distributed throughout the sieve tubes. Likewise 
the very small flagellates once introduced into the parenchyma cells could 
possibly pass from cell to cell through the cytoplasmic connections. Fur- 
ther study is necessary for clarification of these points. 

The organisms have been demonstrated in ving material by means of 
thin longitudinal sections through the phloem and also by dark field illumi- 
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nation of juice expressed from diseased petioles. The first method is the 
most satisfactory. Petioles from plants showing severe mosaic symptoms 
were used and longitudinal sections cut through the phloem after splitting 
the petiole with a Gillette razor blade. T hese sections were mounted imme- 
diately in boiled water and examined under the high-power dry lenses, the 
illumination being reduced to a minimum necessary to make out plant struc- 
tures. The flagellates were seen in the sieve tubes in an actively motile 
state. “In stained as well as living material rarely is more than one individual 
found in a cell, and some cells contain none, so that it is necessary to find a 
favorable location on the slide where the flagellates are present. The body 
of the organism is seen in a rapidly whirling motion, disappearing from sight 
in the depths of the cells only to reappear again, turning over and over but 
changing its relative position but slightly in the cell. Only the body of the 
flagellate can be seen, as the flagella are not visible under these conditions. 

For examining the organisms with dark-field condenser short pieces of 
petiole were laid on clean plate glass and the juice rolled out by means of a 
photographer’s hard-rubber roller. Hanging drops were examined under oil- 
immersion lenses with are-light illumination. An occasional flagellate was 
seen to flash across the field but apparently so few organisms are expressed in 
the relatively large amount of juice that they are not easily located in this 
way. Thin longitudinal sections are more satisfactory for observing the 
motility. 

The size of the flagellates is very v variable, as would be expected where they 
are present in various stages of development. Measurements of type 1, the 
elongated biflagellate forms, which constitute the majority of individuals, 
are given here. These measurements are based on fixed and stained material 
and, therefore, will be slightly less than the actual size of the organisms in a 
living state. A filar micrometer was used in making the measurements and 
the size of the body determined separately from the flagella. The following 
table shows the variation in 50 individuals measured in consecutive order as 
they occurred in the sieve cells: 


Longest indiyidaal: - 3... ees a - 18 X 2.8 microns. 
Phortest- Mia wiGual oc. <cc + apes 5 & 0.3 microns. 
Broadest idividdal, =.) 2. 9.722... 13.9: X- 3.9 microns. 
Slenderest individual................ 11.38 X 0.3 microns. 
Longest Mlagellunrs 253.502 nS. S20.) £8 Mierons: 
DhGKiest-testeN toes. eee tt as ee ee 7.2 microns. 
Average length of organism.......... 13.5 microns. 


The generic position of these flagellates does not coincide with that of any 
of the known protozoa. Before fixing their systematic position decision must 
first be made as to which form represents the adult type. Individuals with a 
flagellum attached to each end of the body are most common and appear to 
represent the adult form, and if generic classification is based on their mor- 
phology, then it will be necessary to erect a new genus to include them, as 
they differ from those genera of protozoa at present known which possess a 
single flagellum attached to each pole. Mention should be made here of the 
possible relationship but not generic identity of these organisms to those 
found in the latex of Euphorbiaceous and Asclepiadaceous plants and _be- 
longing to the genus Leptomonas (6). The bean organism is distinctly a 
different type, however, and its exact position will necessitate further study. 
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Clover Mosaic 


In order to determine if organisms similar to those found in bean plants 
affected with mosaic were also present in clover plants showing mosaic 
symptoms, stems and petioles from affected plants were fixed and sectioned 
in the same way as the bean material. Unfortunately several heavy frosts 
had occurred before this material was collected and it therefore was not so 
satisfactory as would have been collections made earlier. 

Examination of stained sections showed that the same type of flagellates 
that were present in diseased bean plants were also present in mosaic clover 
plants. Since it has been demonstrated that clover mosaic may be trans- 
mitted to the bean, producing typical bean mosaic, and vice versa, the 
finding of similar organisms in mosaic clover and mosaic bean strengthens the 
probability of a causative relation between the bean flagellate and the disease 
with which it is associated. The organisms in the clover plants were not 


Fic. 8. Photomicrograph of longitudinal section through phloem tissue of clover plant affected with 
mosaic. A single elongated flagellate is seen lying ina sieve tube. X 1500. 
A. Body of the flagellate. 
B. Flagellum. 
C. Sieve tube. 


found in great numbers and the most of them had apparently been destroyed 
by the freezing temperatures to which the plants had been subjected. Dis- 
integrating forms were quite numerous in the sieve tubes and non-flagellate 
individuals were found in greater numbers than flagellate forms. Fig. 8 
shows, lying in a sieve tube, a single individual of the same form as type 1 of 
the bean flagellate. The small biflagellate forms and an occasional broad 
form found in the bean were also present in clover. The organisms were 
almost invariably located close to the nucleus and often in contact with it. 
No extensive study was made of the clover mosaic material, but from the 
sections examined there seems little doubt of the identity of the flagellates 
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found in diseased plants with those associated with bean mosaic. No meas- 
urements were made but in size the clover organisms seem to conform with 
those measured in the bean. 


Tomato Mosaic 


No great difficulty was encountered in locating, in the sieve tubes of tomato 
plants affected with mosaic, organisms which, for this disease, are as con- 
stantly associated and as typical as the biflagellates found in bean and clover. 
In longitudinal sections of stems and petioles, fixed and stained with the solu- 
tions used in the study of bean mosaic material, these organisms are found 
scattered along in the sieve tubes as deep-staining, long, sinuous, tapering 
bodies, with one or both ends drawn out to a fine point, and usually with 


Fie. 9. Longitudinal section through phloem tissue of mosaic tomato plant. X 650. 
Two trypanosome-like organisms lying side by side in a sieve tube. 
B. Two of the organisms attached to each other by posterior ends of the body. This is 
probably the phenomenon of agglomeration. 
C. An organism apparently passing directly through walls of the sieve tube. 
D. Sieve tube. 


one end larger than the other. ‘There is great variation from long and slen- 
der to short and relatively broad types, and individuals are present which 
apparently are in various stages of development. Their location in the sieve 
tubes is not constant but the majority of them lie in proximity to the host cell 
nucleus. In all cases, however, the organisms lie in a plane parallel to the 
longitudinal axis of the cell. For this reason cross sections of tomato are of 
as little value, so far as finding the organisms is concerned, as are similar 
sections from the bean, and if by chance a transverse section should sever 
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one of them, the nature of the organism would be difficult to determine. 
The organisms hold quite tenaciously to the haematoxylin stain, and if the 
sections are mordanted for 6-8 hours in the iron-alum solution, after pro- 
longed destaining they still will be stained deeply while all color will be re- 
moved from plant structures except the nucleoli and chromatin. They are 
not so numerous nor do they occur in an unbroken succession of cells as was 
often found to be the case with the bean flagellates. They seem rather to 
occur in “nests,” that is, at a certain place in the stem or petiole they will be 
quite numerous, then for a short distance they will not be found Several 
individuals may lie in one sieve tube, then for the distance of several cells 
none will be present. They have been found, however, in all parts of the 
stem and petiole from which sections have been cut. 


Fic. 10. Photomicrograph of a sieve tube in a mosaic tomato plant showing a small trypanosome 
passing through a perforation in the sieve plate. X 1500. 
= Sieve plate. 
. Trypanosome. 


Fig. 11 shows the typical trypaniform nature of the organisms as they are 
found in the sieve tubes, while a broader type is seen in Fig. 12. An occa- 
sional colony of very small individuals has been seen, the most interesting 
case being where about eight apparently young individuals were_found lying 
very close to a sieve plate. Division of some larger form or repeated division 
of the smaller type had apparently produced the increased number. The 
location of these very small individuals close to the sieve plates is correlated 
with migration from cell to cell. These small forms have been seen passing 
through the perforations in the sieve plates. In Fig. 10 is shown one of these 
small organisms half way through one of these holes in the sieve plate. The 
only type of division observed was by fission. Longitudinal binary fission 
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Fre. 11. Longitudinal section of phloem tissue in tomato plant affected with mosaic. A trypanosome 
is seen in a sieve tube. XX 1600. 
A. Trypanosome. 
B. Cell nucleus. 
C. Sieve tube. 


Fig. 12. Photomicrograph of a broad type of organism in a sieve type of a mosaic tomato plant 
x 650. 
A, Trypanosome-like organism, 
B. Sieve tube. 
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was observed in several cases, but only of the small forms. Other types of 
multiplication probably occur, for undoubtedly the large forms split up into a 
number of smaller individuals. 

The organisms are not invariably of the long sinuous type; many indi- 
viduals show only a slight undulation of the body and others are almost 
straight. The slightly smuous type of organism is shown in Fig. 9, which is a 
photomicrograph of a longitudinal section through sieve petiole tissue. In 
this same figure is illustrated what probably is the phenomenon known as 
agglomeration, that is, two or more organisms attached to each other by the 
posterior ends of the body. Among protozoa parasitic upon animals especially 


Fria. 13. Fhotomicrdetaph of a very small protozoan closely applied-to a nucleus, which is destained. 
x ; 


A. Protozoan. 
B. Destained nucelus. 
C. Deeply stained nucleus in adjoining cell. 


trypanosomes, agglomeration of individuals is a very common phenomenon. 
It is supposed to be analogous to agglutinization of bacteria under unfavorable 
conditions. At first the observation of these organisms in this position is 
likely to suggest conjugation, but since no definite evidence is available to 
show that this ever occurs among organisms of this type the rather frequent 
finding of them in this position is interpreted as representing the occurrence 
of agglomeration. No explanation is suggested as to its cause, but possibly 
fixation may be responsible. 

The size of the organisms varies as widely as do young and old individuals 
of other protozoa. A very small form is shown in Fig. 13. This is apparently 
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a young organism and it is lying in contact with the host cell nucleus which is 
destained. Photographed at the same magnification a large individual is 
shown in Fig. 14. These two organisms illustrate the observed range in size. 
The figures given in the following table are indicative of the variation found 
among the organisms but are not to be interpreted as representing conclusive 
or final sizes of the organisms, for they are not based on measurements 
of a sufficiently large number of individuals: 


Longest individual measured....-.... 28.2 microns. 
Shortest individual measured........ 6.2 microns. 
Largest individual measured......... 27 X 6 microns. 
Smallest individual measured........ 6.2 X 0.5 microns. 
Average all measurements........... 15.3 X 2.8 microns. 


The total length of these organisms is. very difficult to determine because of 


Fic. 14. Very large trypanosome in a sieve tube of mosaic tomato petiole tissue. XX 1500. Note 
comparative size with small form in Fig. 12, same magnification. 


the sinuous form of the body. The above measurements were made from 
one extremity of the body to the other of each individual and no attempt was 
made to ascertain total length. The sizes are, however, comparative for all 
types. 

The organs of locomotion have not been determined with certainty. An 
undulating membrane has been seen faintly stained in some of the forms 
studied, but no definite posterior or anterior flagellum has been demon- 
strated. The undulating membrane appears to run nearly the entire length 
of the body and has only been seen on some of the long, sinuous forms. 
There is such variation shown by the forms found in the sieve tubes—some 
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being very long and sinuous, others almost straight, and still others compara- 
tively short and broad—that the morphology of the species will require 
extensive investigation. Such polymorphism, however, as was shown by the 
bean flagellates has not been found in these organisms associated with tomato 
mosaic. 

In the slides stained with haematoxylin only a very few of the organisms 
have been found with the nucleus sufficiently stained to make it visible. In 
some of the preparations where destaining was carried far enough it can be 
made out centrally located in the body, while other deep-staining granules, 
apparently kinetonuclei, are visible near the extremities. Some portions of 
the organisms are stained more deeply than others but for a detailed study of 
structure it will be necessary to develop differential stains or modify some of 
the present protozoan solutions so as to adapt them to plant material. Much 
more desirable would be the growing of these flagellates in pure culture and 
staining them in the absence of the host-plant tissues. 


nea 
PE. a i. 
‘ uae 


ae 
ae 


f 


Fic. 15. Longitudinal section through the phloem of a potato plant affected with leaf-roll. _ Two elon- 
= gated, slender protozoan organisms are shown in adjoining sieve tubes. x 650. . : 
A. Protozoan organisms. 
B. Sieve tube. 
C. Sieve plate. 
D. Cell nucleus. 
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Potato Leaf-Roll 


The study of material from potato plants affected with leaf-roll has been 
carried out in the same way as for bean and tomato mosaic. The plants were 
first carefully examined to exclude if possible any that might also be affected 
with mosaic. The plants used for this study were taken from a small patch 
of potatoes where no mosaic was found. They showed unmistakable symp- 
toms of leaf-roll, the lower leaves being uprolled, rigid, brittle, and much 
thickened, while the entire plant was stunted in growth. Pieces of stem and 


Fia. 16. Photomicrograph of a protozoan coiled around a sieve tube nucleus in a potato plant affected 
with leaf-roll. X 1500. 
A. Trypanosome. 
B. Nucleus. 
C. Sieve tube. 
D. Elongated protozoan partially out of focus. 


petiole from near the top of the plant were cut and fixed. Some difficulty 
was experienced in cutting good sections with phloem and xylem tissue intact. 

Lying in the sieve tubes of petioles and stems, long, trypanosome-like 
organisms were found which stained in much the same manner as the bean and 
tomato organisms. They vary as much as do the types found in tomato mo- 
saic plants, but are, nevertheless, characteristic and constant for this disease. 
On account of their distribution in the plant and the tendency to distribute 
themselves along only certain of the sieve tubes they are not always found 
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readily. ‘They may be present in only one or a few sieve tubes in a bundle, 
so that in examining longitudinal sections it is necessary to locate the region 
where they are present. Once they are located they can be found in almost 
an unbroken succession of cells along the stem or petiole. Two adjoining 
sieve tubes are shown in Fig. 15 with the organisms in each of them. A 
great many of these flagellates are found in contact with the nucleus, at least 
part of the body being in contact with the nuclear membrane. Many times 
they have been observed actually coiled around it. Such a position of the 
organism is shown in Fig. 16. This intimate contact with the nucleus is 


Fig. 17. Photomicrograph of longitudinal section through potato petiole tissue from leaf-roll plant, 
showing characteristic trypanosome-like organism that is associated with this disease lying 
in a sieve tube. X 1500. 
A. Sieve plate. 
B. Trypanosome. 
C. Sieve tube. 
D. Cell nucleus. 


more pronounced and more common than has been observed with the or- 
ganisms found in tomato and bean mosaic. Many of them, however, are 
free within the host cell and are found at various places in the cell. Their 
position is nearly always parallel with the long axis of the cell, although 
smaller forms are occasionally seen lying obliquely. A large organism is 
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shown in Fig. 17, while a shorter, broader and more sinuous form is seen in 
Fig. 18. Some of the forms observed are very long and narrow, being less 
than 1 micron in width. These very slender forms can undoubtedly pass 
through the sieve plate perforations, although none have been seen in this 
position. 

These organisms appear to possess a distinct undulating membrane, and 
occasionally an individual has been seen with one end of the body drawn out 
into a rather long flagellum. The membrane is not clearly visible the entire 
length of the body so that the point of attachment has not yet been ob- 
served. Dark staining granules, very distinct, are located at each end of the 
body. They are probably blepharoplasts and it seems probable that an undu- 


Fic. 18. Photomicrograph of a shorter type of trypanosome found in sieve tubes of leaf-rolt potato 
plants. Note that there appears to be a membrane visible on the right side of the body 
1500. 
A. Trypanosome. 
B. Sieve tube. 
C. Sieve tube nucleus. 


lating membrane runs the entire length of the organism. However, since 
imagination may easily outrun perception in matters of detail, structural 
characters will require further study. Extreme cases of body sinuosity 
are common among these organisms and it is in these individuals that an 
undulating membrane is most often seen. Some details observed in slides 
studied include: deep-staining granules in various parts of the organisms; 
the presence of vacuoles; variation in intensity of staining of various parts of 
the body, in some cases giving a banded appearance to the flagellate. This 
is seen in Fig. 16. A centrally located nucleus,has not been constantly 
found in the;flagellates examined. For a studyjof nuclear details other 
stains will have to be used. 
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The size of these organisms is very variable. The measurements given 
in the table below show the limits of variation that have been observed: 


Longest form measured.......:.2..... 35 microns 
Shortest. form: measured: -..55. 2555 11.3 m‘crons 
Broadest form measured.....:.:....... 3.0 m‘crons 
Slenderest form measured....,........ 0.9 meron 
Average all measurements............. 23.6 X 1.8 microns 


Smaller individuals than those given in the table above have been seen, but 
on account of their position in the cell have not been measured. Some are 
coiled around the nucleus, others occupy positions such that a portion of .the 
body is obscured, so that the measurements given in the table, while repre- 
sentative of a majority of individuals, can not be said to show the extreme 
variation in size. Further study and measurements of a large number of 
individuals must be made before any definite conclusions concerning these 
points can be made. 

For a study of healthy tissues sections were made from plants that showed 
no symptoms of leaf-roll. No organisms have been found in the sieve tubes 
of these plants in all the slides examined. From all the evidence gathered in 
this study of diseased and healthy material it seem safe to conclude that these 
organisms occur in the sieve tubes of diseased plants but are absent from these 
structures in healthy ones. 


Nature of the Organisms 


From the study that has been made of the organisms associated with the 
diseases investigated there seems little doubt of their protozoan nature. 
Their simple unicellular structure, possession of flagella and undulating 
membranes, the presence of kinetonuclei and other characteristics that coim- 
cide with the peculiarities of the protozoa, seems sufficient proof of the true 
nature of the forms found in the phloem tissues of plants affected with mosaic 
and similar diseases. The systematic position of these organisms is a ques- 
tion requiring more detailed study. While not final, the evidence now seems 
to warrant a few conclusions, which may be considered tentative until fur- 
ther study shall place these forms in their proper generic position. The 
biflagellates associated with bean and clover mosaic are apparently a new 
form, since no type of protozoan similar to it has been described. It differs 
from other probably closely related types, like Leptomonas, in the arrange- 
ment of the flagella. The Leptomonas organisms found in the latex of 
Euphorbiaceous and Asclepiadaceous plants are typical members of that 
genus with a single polar flagellum, while the bean organism has one flagellum 
attached to each pole, a characteristic that is constant in all the material 
examined. 

The great resemblance of the organisms found in mosaic tomato plants to 
trypanosomes is unmistakable. While there is great variation in the mor- 
phology of various individuals the general characteristics are more nearly 
like those of trypanosomes than any other form. The great polymorphism 
shown by the different species included within the broad limits of the genus 
Trypanosoma admits forms which might possibly belong in other subdivisions 
that have been proposed for this genus, They have, however, not been 
generally accepted by protozoologists. Certain details of structure have 
not been demonstrated with the stains that have been used, so that for the 
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present the systematic position of the tomato organism must be left open 
for further study. 

The potato leaf-roll organism is a protozoan which even more strongly 
resembles members of the genus Trypanosoma. The sinuous form of the 
body and the occurrence of an undulating membrane are characters which 
belong only to organisms of this type. That other forms also occur in the 
life cycle is very probable. Some of the long slender organisms found in the 
sieve tubes have a great resemblance to spirochaetes. They are, however, 
much larger than any known species, and slender trypanosomes have often 
been mistaken for spirochaetes by protozoologists. The recent work of 
Mesnil with Leptomonas Davidi, a parasite in the latex of EKuphorbiaceous 
plants, has shown that these organisms exhibit great polymorphism, some 
individuals being typical Leptomonads, while others more nearly resemble 
trypanosomes. It is probable, therefore, that the potato leaf-roll organism 
will be found to contain quite widely varying forms in its life-cycle. 


OTHER KNOWN PROTOZOAN DISEASES OF PLANTS 


Lafont (6), Franea (7), Mesnil (8), Franchini (9), and other European 
workers have found protozoa in plants belonging to Euphorbiaceae, Asclepi- 
adaceae and Urticaceae. Typical Leptomonad forms have been found in 
the latex of Euphorbiaceous plants, and these organisms are constantly asso- 
ciated with a disease of the plants, characterized by etiolation and wilting. 
Transmission of the flagellates has been shown to occur through the agency 
of sucking insects (Coreidae). In the bodies of these insects the protozoan 
passes a portion of its life-cycle, eventually developing non-flagellate forms 
which are found in the salivary glands. Flagellate Leptomonad and Trypto- 
monad forms have been found in the latex of Ficus par vetalis, as have also some 
characteristic amoeboid organisms. 

The measurements of the flagellates from the latex of the Euphorbiaceous 
plants very nearly coincide with those found in bean plants affected with 
mosaic. The mono-flagellate character of the organisms from the latex of 
these plants indicates that these are distinct from the organisms associated 
with bean and clover mosaic. 

The demonstration of protozoa as the cause of plant disease had its incep- 
tion in 1910 in the work of Lafont (6) who found the Leptomonad forms in 
the latex of certain Euphorbiaceous plants. This stands as the first record 
of a plant disease caused by a protozoan parasite. That a great many 
other plant diseases of unknown cause, will, upon investigation, yield similar 
results, is not unlikely from the evidence now available of the relation of 
these simple organisms to plant disease. 


PROBABLE RELATION OF THE ORGANISMS TO THE DISEASES WITH WHICH THEY 
ARE ASSOCIATED 


Since the description of tobacco mosaic by Mayer (15) in 1886, the cause 
of this and other mosaic diseases has been a question of paramount interest to 
phytopathologists. There is no longer any doubt of the infectiousness of 
material from diseased plants, and that the power of such a small amount of 
material to produce disease when introduced into healthy plants is a char- 
acteristic of some ‘‘living contagium”’ seems evident from the work of Allard 
(14) and others. The fact that imsects carry and transmit the causative 
agents of these diseases is itself significant, because of the known facts of 
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insect transmission of protozoan animal and human diseases. Further, the 
paucity of definite experimental proof of the absence of visible organisms in 
plant tissues affected with mosaic, is evident from an examination of the 
literature. Finally, the apparent ultra-microscopic size of infectious parti- 
cles which pass through the bacterial filters seems to have been the barrier 
which has hitherto deterred extensive attempts by cytological methods to 
demonstrate visible organisms in constant association with mosaic plants. 

In this investigation the finding of definite protozoan organisms in con- 
stant association with mosaic plants and their absence from healthy ones 
indicate that they are probably the factor so long sought as the cause of these 
diseases. The fact that the mosaic diseases are cross-inoculable among 
groups of closely related plants, and the finding of similar organisms in 
mosaic bean and clover plants makes this seem even more probable. 

The work of Elmer (10), who claims to have obtained successful results in 
cross-inoculation studies of mosaic from Cucurbitaceae, Solanaceae, and 
Leguminosae, will need extensive confirmation under carefully controlled 
conditions, especially since other investigators have reported negative results 
from similar attempts, and also because of the diversity of form shown by 
the flagellates from diseased plants in these different families. The possi- 
bility of great polymorphism within the same species, and the adaptation of 
organisms to changed conditions must, however, also be kept in mind. Until 
these organisms can be isolated and grown in pure culture and inoculated into 
healthy plants, the evidence of their causal relation to the diseases in question 
necessarily will be circumstantial. Such studies are now in progress and also 
cytological work in an attempt to find in the aphids which transmit the 
causative agents, forms belonging in the life-cycle of these flagellates. 
Success in this last venture would greatly strengthen the evidence now 
available. 

Concerning the filterable nature of the infectious agents of mosaic diseases, 
investigation is much needed of the process by which colloidal and other par- 
ticles pass through the pores of these bacterial filters. Some of the very 
slender forms of the bean flagellates, less than 0.8 micron in diameter, might 
pass through the medium filters. There is also the possibility of ‘“‘symplastic”’ 
forms somewhere in the life-cycle. In this connection Schaudinn (11) has 
expressed the opinion that some stages of trypanosomes investigated by him 
were small enough to pass through bacterial filters. Moore and Breinl (12) 
have asserted that infected blood retained its infectiousness after filtration. 
The work of Fry (13) with Trypanosoma brucei is in line with these obser- 
vations. He states that 7. bruce can throw off particles which, when liber- 
ated in the blood, have a motility of their own. This extrusion of granules 
he regards as of a vital and not degenerative nature. The filterable nature of 
certain spirochaetes which, in size, are comparable to the small flagellates 
present in bean mosaic, and the possibility, as expressed by some bacteriolo- 
gists, that the organisms which are said to pass through bacterial filters, 
actually grow through the pores, disclose a field for investigation, which un- 
doubtedly will yield important results. 


SUMMARY 


Using modern cytological methods, protozoan killing and fixing solutions 
and protozoan stains, an intensive study has been made of bean mosaic, 
clover mosaic, tomato mosaic and potato leaf-roll. Definite protozoan 
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organisms, located mainly in the sieve tubes and sieve parenchyma, have 
been demonstrated to be constantly associated with these diseases. 

The bean and clover organism is a biflagellate, elongated protozoan whose 
generic position is near Leptomonas. It apparently is a flagellate of new 
generic rank, since the location and attachment of the flagella differ from the 
structure in any known genus. 

The organisms found in mosaic tomato plants apparently are trypanosomes, 
or are closely related to this genus. They have been found only in the sieve 
tubes. Their size varies from 6 to 30 microns in length and from 0.5 to 6 
microns in width. 

In the sieve tubes of potato leaf-roll plants, organisms have been found 
which more closely resemble trypanosomes than any other form. They are 
usually closely associated with the host cell nucleus. These organisms are 
also variable in size, some individuals being less than 1 micron wide and 12 
long, while the longest one measured was 35 microns. 

All of these organisms lie in a plane parallel to the long axis of the cell 
and have been demonstrated only in longitudinal sections. 
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FOREWORD 


The spoilage of foods may be due to physical, chemical or biological causes . 
The last named is generally known to be the most common and serious cause, 
and microorganisms are admitted to be the usual biological factors involved. 
A common type of spoilage in canned foods, called flat sours, results in an 
increased acidity of the contents of the can with not enough internal pressure 
to cause bulging of the ends. No extensive bacteriological study of flat sours 
had been made at the time of undertaking the work reported in this bulletin. 

In the course of the studies an extremely interesting and unusual organism 
was encountered. Part I deals with a description of this organism as re- 
ported by Mrs. Wyant, formerly Research Associate in this Section. Part 
II is the record of an attempt to discover the organism or organisms respon- 
sible for flat sours. Mrs. Wyant was assisted in her efforts by two students, 
Miss Rhea East and Miss Esther Severance. Mr. Tweed, who has suc- 
ceeded Mrs. Wyant in charge of investigations into food bacteriology was 
assisted by an advanced student, Miss Lucile Roach. They have made a 


valuable contribution to the subject. 
WARD GILTNER. 
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FLAT SOURS 
PART I 
An Interesting Thermophile Encountered in Canned String Beans 


Technical Bulletin No. 59 
ZAE NORTHRUP WYANT 


The organism described in this paper was encountered in all cans examined 
(quart Mason jars) of one pack of string beans which were under-processed 
in the hot water bath (21% hours only) when canned by the cold pack method. 
At this particular time a study was being made of flat sours. Just previously ~ 
an effort had been made to obtain from a nearby source canned goods affected 
in this way in order that more exact information could be obtained with re- 
gard to the methods employed in preparing and processing food. The canned 
string beans studied were home grown and all directions for picking, pre- 
paring and processing by the cold pack method were followed with the ex- 
ception of those for the length of time the cans were to be heated. The 
cans were stored in a cool place in the basement. 

All of the cans of string beans sometime later were observed by the house- 
wife to contain a greater or less amount of white sediment. There was no 
evidence of a swell or leak. One of the cans was opened and prepared for a 
meal, but the odor which had seemed normal at first became intensely disa- 
greeable on heating, so that the beans were not eaten. An unopened can of 
the spoiled beans containing a large amount of white sediment was obtained 
for bacteriological analysis. Although the cover was not bulged, when 
opened there was evidence of considerable gas pressure. This effect was 
probably exaggerated as heat was employed in sterilizing the cover, alcohol 
being poured over it and burned off. The string beans were decidedly sour, 
having a pH value of 4.4. 

The beans at first had a decidedly putrefactive odor. Some of the liquor 
when poured out into a beaker had this same odor; on standing, however, the 
bad odor became less prominent and finally disappeared altogether or became 
almost supplanted by an odor resembling that of pineapples. Several per- 
sons described the odor as being “fruity.”’ Bacteriological studies were 
made of the liquor and sediment as follows: 

Microscopic examination of the sediment showed a large number of bac- 
teria, some having about the same morphology as B. botulinus, others were 
rods smaller and thinner. All proved to be Gram negative. (Gram nega- 

tive rods, largely, were also found by Barlow in spoiled corn incubated at 
- high temperatures). However, this observation did not eliminate the pos- 
sibility of the presence of B. botulinus. 

To determine what different types of bacteria were present, three dilution 
plates were made in string bean agar plus brom thymol blue, and incubated 
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both aerobically and anaerobically (under sterile paraffin) at 25°, 37° and 55°. 
Enrichment cultures were also made in sterile pork infusion (meat piece me- 
dium) for isolation of B. botulinus should it be present. These latter cultures 
proved negative. 

At the same time two guinea pigs weighing about 275 grams each were fed 
directly by means of a pipette with 0.5 c. c. of the string bean liquor to see if 
it was toxic. 


RESULTS OF EXPERIMENTS 


Two types of colonies were found on the aerobic string bean agar plates at 
25°. Transfers from each type were made to sterile tubes of string beans and 
incubated at this temperature both aerobically and under sterile paraffin oil. 
Visible growth was obtained aerobically but not under oil. This suggested 
that the types of bacteria isolated were not the cause of the decomposition 
in the can of the string beans because the organisms in the can were anaerobic 
or facultative as to their air requirements. This was not considered as con- 
clusive evidence, however. No colonies were found on the aerobic plates at 
37° or 55° nor on the anaerobic plates at room temperature and 37°C. At 55°, 
however, gas bubbles were formed extensively underneath the paraffin which 
was liquid at this temperature. Eight days after inoculation when the 
paraffin was removed from the 55° plates no visible colonies could be seen on 
the first two dilution plates; on the third plate a yellowish mass about 1 mm. 
in diameter but not resembling a colony was present which on examination 
under the microscope appeared to contain bacteria, confirmed by a hanging 
drop. 

Shake cultures (designated as Str. BIC) were made from this colony in 
gelatin agar —1.0 and kept at room temperature; both aerobic and anaerobic 
shakes were made in corn agar, starch agar, and in string beans, incubating 
the last named cultures at 55°. In 15 hours gas production was noted in the 
starch agar shake, but not in the other two media. (See table 1.) 

About this time, eight days after the first cultures and feeding experi- 
ments were made, one of the guinea pigs died, and all cultures from the con- 
tents of the stomach, small and large intestines, and from the heart blood, 
when grown at 55° in starch agar showed the same gas formation. ‘Two 
days after this a small loopful of the heart blood drawn aseptically from the 
other guinea pig was cultured in starch agar at 55° with the same result. 
The thermophile was thus found to be living and evidently growing in the 
blood stream of the guinea pig with no apparent harm to the animal. About 
a month later cultures were made from large quantities of the heart blood of 
the living guinea pig with negative results. The pig seemed to have sur- 
vived the temporary bacteremia (?) with no harmful results. Barlow found 
that no toxic effects on man were apparent after swallowing three teaspoon- 
fuls of corn spoiled by a thermophile and concludes that “apparently its 
growth at high temperatures in canned corn does not result in the production 
of toxins.” He also states that, ‘This thermophilic organism does not 
grow at temperatures as low as the blood temperature of mammals,” but 
cites no experiments to prove this statement. 

In the meantime, in spite of the fact that active gas production continued to 
occur in the starch agar shakes of the organism, Str. BIC, no colonies appeared. 
Transfers were made from the starch agar shake showing continual active 
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gas formation to a number of different tubes of media both solid and liquid, 
and incubated under sterile paraffin at 55°C. <A considerable number of 
these media showed growth within 15 to 18 hours as evidenced by vigorous 
gas production, but even after several days no colonies could be observed 
even in the clearest media in which gas was formed. The plain agar em- 
ployed was exceptionally translucent yet no visible growth was evident. 
The fact remained, however, that growth was present or gas would not have 
continued to form, consequently a very careful examination was made using 
a hand lens and an artificial ight, manipulating the tube this way and that 
to get the effect of both transmitted and reflected light. The result of this 
effort was that quite large lenticular colonies could be seen only when the 
tube was held a certain way between the observer and the light. The “low 
visibility’? of these colonies was due to the fact that they had about the 
same refractivity as the agar in which they were growing. Having con- 
vinced different members of the laboratory staff after much trouble that 
colonies were actually present, these colonies were variously described as 
appearing like “‘ghosts”’ of colonies, like ‘‘the place where small gas bubbles 
had been,” or “like pieces of something in the agar.’’ After the observer 
knew what to look for these colonies were quite easily discernible to the 
unaided eye. Barlow called the gas bubbles forming in his corn agar shakes 
“gas colonies”? and made his isolations from a well isolated gas bubble. It 
has been found impossible to make a satisfactory photograph of these colonies, 
but young cultures show gas formation. 

This organism seemed to grow best in a tube shake culture in certain media 
which favored it when placed under anaerobic conditions. 

Visible colony formation has never been observed in anaerobic plate cul- 
tures using paraffin, or pyrogallic acid and sodium hydroxide; in fact, anaerobic 
tube and plate cultures have never shown growth using the latter method, 
even when the most favorable media have been employed. It is quite evi- 
dent that an anaerobic condition could never be obtained employing an ordi- 
nary aerobe to partially or totally exhaust the oxygen, as with Giltner’s 
H-tube, especially if the culture were placed immediately at 55°. An 
attempt was made to obtain surface growth by first exhausting the oxygen 
by placing the H-tube containing the thermophile and B. subtilis at the 
optimum temperature for the latter organism until a maximum growth had 
been obtained, then placing the culture tube at 55°, but without success. 
No surface growth, as was determined by direct microscopical examination 
and by culturing, could be obtained by any of the ordinary anaerobic meth- 
‘ods. The possibilities of obtaining surface growth, however, have not been 
exhausted. In many media in which Str. BIC grew but had not been ob- 
served to form gas, growth was not evident for several weeks. Perfectly 
clear broth was inoculated and covered with sterile paraffin. No gas or 
clouding was ever evident but after about a month at 55° a moderate amount 
of whitish, flaky sediment was found which upon examination proved to con- 
sist of bacteria and spores. The odor of the cultures in all media which 
showed gas production, after about a month at 55° was from a rather pleasant 
fruity odor to one that was more or less disagreeable according to the medium 
and to the observer; in fact the peculiar odor was practically the only gross 
test for growth in media in which the organism was multiplying but in which 
its development was not evident to the eye. 

A list of the media follows in which this organism has been cultured. 
The several media in which growth was evident by gas formation or by odor 
only, is indicated by a + sign. 
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Table I.—Record of Growth of Str. BIC on Different Media 


Agar. Tnoc. ; Growth. “ Remarks. 

AACEIDOMY CES! .1-)chohe palcesa ato 4/21 oe OAM pee becacoey bdo syaaae 

Albumen + BTB........... 4/21 +4 /22 —f-A [DA) | ro cists ataloreia 

Oideriess cose se meres 4/21 +74 /22 —4/23 +4 /24 

Citrate Glycerin............ 4/21 —4/22 —4/23 +4 /24 

Civile: Set Gee EP eT Ee 3/15 —3/16 —4/22 —4/21 | No colonies evident. 

Corn’ C-Riiisis o's steisd svetee sie ZT ttt A [22s were aielalersicie\| (tis obieyeis vie 

Com MR edantee smeint 4/21 = IPAS oaks Aeare eae |S OeHaO Toe 

Cor BEB) oon. Sistas 4/21 | +44/22 | +++44/23*).......... 

Dextrose blood, heated...... 4/21} -+?4/22 —4/23 +4/24 

Dextrose blood, not heated. . 4/21 a AY IS? acisichs tetera ens sc etae eae 

ORS eae as eeu te oct 3/15 | ++3/16 —4/22**) —4/23 

Gelatin agar, —1.0.......... 4/21 +4 /22 oY P-Tfal oe aeee tor White or bluish-white colonies near the sur- 

alpweern Re te hh. 4/21 | 24/22 —4/23| +4/24 ahaa 

Hydrocellulose.............. 3/15 | +23/16 —4/22 —4/23 

BAGIORE 2a haetin gcse aceite 4 4/21 —4/22 —4/23 +4 /24 

LITE Bert CB ROE Beaere aa eee 3/15 —3/16 —4/22 —4/23 

Litmus dextrose............ 3/15 —3/16 —4/22 —4/23 | 4/21 no colonies show. 

1 ECT Gee ea 3/15 —3/16 +74 /22 +4/23 | 8/27 a violet colored growth along stab about 
0.5 to 1.0 em. below the surface and ex- 
tending 2/3 down the center of tube. 

N-ireevash ct ic oh Motes 4/21 +24 /22 —4 /23 +4 /24 

Lined, SARS yee, Se ceee 3/15 +3 /16 a WPS hd (I Ae 4/21 only one colony evident. 

PARI AE Sect soe eae. 3/15 | ++3/16 —4 /22** —4/23 

Potato, no sucrose........... 4/21 —4/22 =A DA oe oye Kt 

Sodium asparaginate........ 3/15 —3/16 SYP ee or eee 

Soilextracts-305-~2--43s02 > 4/21 +4 /22 = PAE Bapeaneeee 

Starch + C-R.w...2.2..2.2. 3/15 —3/16 —4/22 —4/23 

Starch’ +> BEB). 3.052 s222 0 3/15 +3 /16 —4/22**| —4/23 | +4/24 +8/27 (decolorized). 

Starch + BTB in H-tube.... 4/21 +4 /22 fA /28 |e waar acto 

Starch + MR............-. 4joi| 4/22) 44/24] +48/27 

LOMALO Fes neem seis akysiele 3/15 —3/16 aM le aise ests 

Triple sugar —1.5.......... 4/21 AID Was hatch ys: cacrt lleva: 03> ears ave 

Broth. Inoe. Growth. Remarks. 

Acetic acid N/20............ 4/21 24/22 —4 /23 +4 /24 

Acetic acid N/10........... 4/21 | +2?4/22 —4/23 +4 /24 

Dextrnna?s: 30a 2ssna nese 4/21 +4 /22 +4 /23 +4 /24 

Litmus lactose.............. 3/15 | +723/16 —4 22 —4/23 Es bind a in tube, decided sediment, 

rAMary 2 sf cenG 25 Sarna 3/15 —3/16 —4 /22 +4/23 | Broth clear, considerable flaky sediment. 

Ordinary + BTB........... 4/21 —4/22 —4/23 +4 /24 

BUCtO8Os Siscpcailaoescneaeed 4/21 MD niatara ten aiouain, ste) einictaeie siete) 

Tryptopuan:.oss02.ne2scs.- 4/21 +4 /22 +4 /23 +4/24 | 8/27 Very turbid and opaque. 


*Decidedly yellow. _  **This was before colonies were seen. 
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Agar. Inoc. Growth. 

Gelatin. 
Ordinary plus H20+....... 3/15 —3/16 —4/22 —4/23 
BU MIBUICEORE Rae ice se meee re 4/21 +24 /22 —4/23 | ++4/24 

Solutions. 
(WON Bae sieeve easier acts 4/21|)- +4/22 —4/23 +4 /24 
Hippuric acid.............. 4/21 24 /22 —4/23 +4 /24 
Krainsky’s NH4NO3........ 4/21 | +24/22]) do. 4/23 +4 /24 
Nitrate peptone............ 4/21 24/22 | do, 4/23 +4 /24 
Peptone + Pb acetate....... 4/21 —4/22 —4/23 +4 /24 
Weachmskys4enes see te een 4/21 —4/22 —4/23 +4 /24 
Winogradsky’s + N........ CW 1 ee ae Mes pene] Pees Seve oeh eed Pah eiey Re Se 
Winogradsky’s without N... 4/21 24 /22 —4/23 +4 /24 
Dtinham's iiss. doses een 3/15 —3/16 —4/22 +4 /23 

Vegetables. 
ASMALSPUS st as \c tne weneine near 3/15 +3 /16 —4/22 —4 /23 
Aid era tct.ds nisin ccorantets 4/21 | ++4/22 +4/23 | ++4/24 
Comme tess eeeace te ge 3/15 +3 /16 —4 /22 —4/23 
BOEAEO!, ser semisratecansioseceielareios 3/15 +3 /16 +44 /22-).......5.. 
String bean juice........... 3/17 23 /18 —4/22 —4/23 
POAB Yi hire ciistcnc cerned 3/15 +3 /16 VEN eT Sen 4/21 
~~ Miscellaneous. 
Blood serum coagulated. .... 4/21 MOON xn cvabircingen ca lla eataeten ats 
Tay ANAUSIONS «0icjs i> «se ol « nts 4/21 | ++4/22 —4 /23 +4 /24 
Cooked pork medium....... 3/15 +3 /16 +74 /22 +4 /23 
Mikmus; mille yee acer e= es 3/15 —3/16 +3 /22 +4 /22 

GERMS ec, csc esoee 4/21 24/22 —4/23 +4 /24 

reer ee omer a aera SoG 4/21 4/22 —4/23 +4 /24 

RO OL sitet aise die ols nporoysie ee 4/21 —4/22 —4/23 +4 /24 

Sa sect enaeme vee vente 4/21 —4 /22 —4 /23 +4 /24 

DOR Susi aenare ceiveone wel 4/21 24 /22 —4/23 +4 /24 


Table I.— Concluded 


Remarks. 


8/27 fine crystalline precip. 
8/27 glassy-like thin film. 


8 /27 flocculent sediment also floating. 


8/27 heavy flocculent sediment. 


No sediment 4/21. 


4/21 juice clear, sed. from asparagus or cul- 
ture? 


4/21 Potato split with gas and apparently 
somewhat disintegrated. y 


Slight clouding, flaky sed. and flaky 
particles throughout liquid. 


4/21 Heavy turbidity in supernatant liquid. 
8/27 Grayish brown, 1 cm. prec. turbid above. 
4/21 All reduced, bluish ring at top, signs of 

peptonization from top down about 0.5 em. 
8/27 brown sediment. 


8 /27 flocculent precipitate. 


***These humbers refer to the soil media numbered respectively in Fred’s Soil Bacteriology laboratory manual. 


The “ghost”? or “phantom” colonies appeared in both plain and Dox’s 


agar after 3 to 4 days. 


Since Dox’s agar was slightly turbid the colonies 
were somewhat more easy to see because they were more clear than the me- 
dium. These colonies were never seen in a solid medium containing litmus 
or other indicator even when growth (gas formation) was very evident. 

On 8/27 transfers were made into Dox’s agar (see table 1) from inoculated 
media which had been incubating over 4 months at 60°-65°C with the fol- 
lowing results, growth showing inside of 72 hours: 
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Cooked pork medium + 
Gelatin agar —1.0 — 
Soil extract agar + 
Peptone solution plus lead acetate — 
Corn agar + MR — 

Hippuric acid solution + 

Litmus milk 

Cider 

Mannit agar 

Starch agar + BTB 
Hay infusion 
Tryptophan broth 


++++++ 


Several days later the cultures marked with a negative sign also showed 
gas production, so 100 per cent of the cultures tested remained viable. 

This interesting thermophile is a straight rod, motility not observed, 
single, in pairs and short chains; Gram negative, spores terminal or subter- 
minal. In different media and at different stages of growth, “nodules” or 
enlargements are seen on the rods, it being impossible to determine whether 
they are located in any one place on the cell and whether a rod has more 
than one of them. Again, beaded forms are present, or masses containing 
small, deeply stained granules are seen which resemble very much the syn- 
plastic stage described by Léhnis. 

Barlow’s thermophiles from canned corn incubated at 60° and 70°C. 
were ‘‘gram negative, slender rods, single or united in two’s, or in short and 
long threads.” In practically every apparently sound can which swelled 
after incubation at 60° to 70°, this type of organism was the only type pres- 
ent in numbers sufficient to cause spoilage. Barlow observed neither spore 
formation nor motility in the organism described. 

Experiments have not been performed to determine the maximum, mini- 
mum and optimum temperatures for Str. BIC but from observations during 
the course of its incubation the minimum of rapid growth is between 40° and 
50°, the optimum from 55° to 65°; it is not killed by a temperature as high as 
70°, the temperature at which the incubator was found one morning. 

From the food standpoint this organism is important because it develops 
so rapidly and produces gas at high temperatures which would be inhibitive 
to common bacteria. In the canned beans from which it was isolated after 
the cans were processed (21% hours only), the flame was turned off from be- 
neath the wash boiler in which the cans were being heated and the cans left 
in the hot water until both the water and the cans with their contents were 
cool, which took several hours. 

There is evidence, however, that this organism can grow at lower temper- 
atures under certain conditions than 55° because of its invasion of, and mul- 
tiplication in the blood stream of the guinea pig and also because of the large 
quantity of sediment found in the cans. In the latter case the growth must 
have proceeded very slowly indeed after the contents of the can had cooled 
to room temperature. This accounted for the failure of the organism to 
produce swells or leaks, or both, or to burst the cans. 

In Part II of this bulletin mention is made of finding a similar organism 
in inoculated cans incubated at 55°. 

The cans were submerged in water and the water kept at 55°. Along with 
these cans were kept unopened checks of each type of food. The examina- 
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tions were made at the end of several months’ incubation, results of which 
will be found in Table 4, Part II, of this bulletin. 

In appearance the 55° cultures from these cans were identical with 
those isolated originally from string beans and from some silage. Also the 
rapid growth was characteristic. If cultures for cultivating at 55°-65° C. 
are made in hot agar (temperature within growing limits of thermophiles) 
and this agar is allowed to cool only sufficiently for solidification to start, 
then covered with sterile paraffin and placed at the incubating temperature 
the growth will be hastened much more than when the agar is allowed to 
become cold and wholly solid before incubating. It is necessary, however, 
that the agar be cooled until it starts to harden, before incubating, otherwise 
it will remain liquid and colony formation will not be seen. 

In a recent study made of some experimental silage, plates made from 
it in acid whey and litmus dextrose agar plated and incubated at 55° showed 
active gas production but no visible growth just as in the case of the organism 
isolated from canned string beans. Isolations from these plates showed the 
same “‘ghostlike’”’ colonies producing gas anaerobically. Although this coin- 
cidence has not been deemed of sufficient importance to determine whether 
the bacterium isolated from the silage and that from the string beans are the 
same organism, it does serve to show that an organism or organisms (anaerobic 
thermophiles having the peculiarities described) are not uncommon and are 
probably fairly well distributed in nature. The finding of organisms pro- 
ducing colonies of low visibility suggests that they may be common and not 
confined to anaerobic thermophiles. It is possible that ultra-microscopic 
organisms may produce this type of colony. Attention is called to the 
desirability of selecting the proper medium for this type of organism. 

Since thermophiles are not infrequently found in canned foods and because 
of the discovery of this peculiarly growing anaerobic thermophile, it seems 
desirable (1) that the microbiologists in food research laboratories should 
make a practice of culturing all spoiled foods, canned or otherwise, both 
aerobically and anaerobically not only at room and body temperatures but 
also at a temperature sufficiently high to demonstrate the possible presence 
of thermophiles; (2) it seems that attention should be directed to the im- 
provement of technic designed to overcome the difficulty of demonstrating 
organisms of low visibility of the type described or ultra-microscopic 
organisms. 
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SUMMARY 


An anaerobic themophile was isolated from several cans of one pack of 
under-processed cold-packed string beans. 

The liquor from the under-processed string beans was not found definitely 
to be poisonous to the experimental animals employed. 

An odor fruity, even disagreeable, accompanies the growth of the anaerobic 
thermophile Str. BIC in all media, which odor, should this organism occur in 
canned food, would render the product not liable to be eaten, especially as 
the odor is intensified on heating. 

The colonies which form in shakes of various agar media have about the 
same refractive index as the medium, and so are very difficult and in some 
cases impossible to see. In such media their presence has always been de- 
tected by the characteristic odor if the culture is old enough, and in many 
media by active gas production. The anaerobic thermophile described grows 
in practically all media tried experimentally. 

So far as the literature on the thermophiles has been searched no reference 
has been found relating to an anaerobic thermophile, nor to an aerobic ther- 
mophile, nor to bacteria growing at ordinary temperatures, which have the 
above-mentioned peculiarity of growth, with the exception of those described 
by Bronson Barlow in his studies of thermophiles in canned corn. 


CONCLUSIONS 


So-called “flat sours’? may be caused by bacteria which form acid, and 
perhaps so little gas that the ordinary glass-topped cans on opening by ordi- 
nary methods may fail to show its presence to the housewife, and metal- 
topped cans may fail to have the appearance of a “swell.” It is improbable 
that flat sours of this type may be due to an anaerobic thermophile such as 
described in this paper since any considerable growth of this organism would 
produce a swell and not a flat sour. 

Anaerobic thermophiles of this type are probably found in various places 
1 nature; the fact that they have not been found previously is due to im- 
proper incubation, poor choice of media and the wrong method of obtaining 
anaerobic conditions. 
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PART II 
Bacteriological Studies of Flat Sours of Cold Packed Canned Peas 


ZAE NORTHRUP WYANT AND ROBERT L. TWEED 


An attempt has been made to discover the organisms which cause flat 
sour of cold packed canned peas. No extensive bacteriological study of 
flat sour has been made up to the present time. Consequently, the available © 
information both as to the nature and cause of flat sours is very limited. 

In ‘“‘Canners’ Problems” (1) Bronson Barlow says: 

“<Flat sours’ are not caused by the heating and souring of corn before can- 
ning. Corn which was purposely allowed to heat and sour in the can was 
canned and was not flat sour. These cans did not develop flat sours on 
keeping.”’ Barlow also says with regard to the organisms concerned: 
“Stains from flat soured corn show long, slender rods, often in chains.” 

In “The Canning of Fruits and Vegetables” (2) Zavalla makes the state- 
ment: “Spoilage due to insufficient processing is generally divided into two 
classes: swells and flat sours—flat sours most often result from giving the 
regular process to material which has been allowed to stand for some time, 
such as peas remaining in a load over night, or corn left in a car or in a pile 
until it begins to heat.’’ The contradiction in the above references shows 
that the work on “flat sours”’ is still in an experimental stage. 

In “Canning and Preserving of Food Materials” (3) by E. W. Duckwall, 
the author says: 

‘Sour peas in many cases are due to careless methods before the sterilizing 
process: there is no part of the process of pea-canning which affords so much 
danger of sour goods as the sweating of the vines and pods. One peculiarity 
of sour peas is that it is impossible to tell by the appearance that they are 
sour.” Later he says: “I boiled twelve cans in an open bath for two hours, 
then put them in the incubator. Five spoiled within one day, three spoiled 
by the end of the second day, and two more swelled the following day. Two 
cans seemed to be all right. They did not swell, though kept at blood tem- 
perature for three weeks. On opening the cans, however, they were exceed- 
ingly sour. The color of the peas was much bleached, but otherwise they 
looked fairly well. I melted a flask of agar in the autoclav at 240°F. I 
inoculated two with several loops full of the liquor from these cans then 
made transfers from the first to two more, and from these made transfers 
into two more. I placed the dishes in the incubator, and at the end of twen- 
ty-four hours the first two dishes were completely covered with a thin growth 
extending even up to the walls. The next two dishes had a few colonies, but 
the greater portion of the surface was covered with a spreading growth. 
The two last dishes contained a few scattered colonies, which formed in wedge- 
shape below the surface and grew upward, forming thin, round colonies on 
the surface. Some of these colonies had a brown, opaque granular appear’: 
ance by transmitted light, but on reaching the surface had a bluish cast with 
a shining transparent luster. The surface growth extended gradually to 
about the size of a silver three cent piece, the lustrous appearance giving 
way to a dull scum-like layer, quite viscous and forming folds or wrinkles, 
becoming much elevated. 
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“When transplanted to gelatin the colonies began to sink into the gelatin, 
in thirty-six hours leaving saucer-like depressions, and a floating film formed 
on the surface of the liquefied gelatin. The growth in the bouillon was 
rapid, producing very little cloudiness, a pellicle forming on the top which 
grew fast to the wall of the test tube. The bacilli were actively motile, ex- 
hibiting their motility in twisted, writhing masses. 

“The cultures all had the odor of H.S, and in a few days the sulfur would be 
strong enough to bleach out the blue color made with the blue pencil on the 
_ glass petri dishes and test tubes. I inoculated several cans of peas which 
had been sterilized, with some of these organisms, and in two or three days 
the cans had the same appearance and taste as the original two cans. I 
tested other cans by inoculating them with spores from the organism and 
processing at 240°F for twenty-five minutes. Of the twelve cans so treated 
only two were sterilized. Ten of these cans had a natural appearance, 
showed no sign of swelling, but turned sour in five days in the incubator. 
The spores of the organism are quite large, are situated near the middle, or 
perhaps a little nearer the end of the cell. The cell seems to split open at 
the side, setting the spore free.” 


Method Employed for Bacteriological Study of Flat Sour Peas 


In order to simulate as closely as possible the composition of canned 
peas, a pea agar was prepared in the following manner: 


1,000 gms. peas (canned). 
4,000 c. c. water. 
60 gms. agar. 


The agar was boiled in water until dissolved. The water which had evap- 
orated was replaced. The canned peas were mashed and added with their 
juice to the agar solution, and the medium was autoclaved for thirty minutes 
at fifteen pounds pressure. After autoclaving, the medium was cooled 
slowly. This allowed the broken skins and pulp to sink to the bottom, and 
when the agar had solidified the sediment was cut away and discarded. 
The remaining clear agar was melted, colored with litmus, and autoclaved. 

The starch agar employed in this experiment was made according to the 
following formula: 


Agar, 10 gms. 

Diabasic potassium phosphate, 0.2 gms. 
Magnesium sulphate, 0.2 gms. 
Potassium carbonate, 0.4 gms. 

Calcium chloride, 0.02 gms. 

Ferric sulphate, 0.02 gms. 

Sodium chloride, 0.02 gms. 

Tap water, 500 c. e¢. 

Starch solution, 500 ec. ec. 


The mineral saits and agar were boiled together in tap water, the water 
which was lost in evaporation being replaced with distilled water. 500 c. c. 
of starch solution was added. The starch solution was made as follows: 
To 10 gms. of potato starch suspended in a little cold water 500 c. c. of boiling 
water was added. The solution was concentrated to 500 ¢. c. All other 
meg used in this experiment were prepared according to the standard 
ormulae. 
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The cans of peas examined were chosen from a number of so-called “flat 
sours” brought in by Mr. Glenn Kies, November 28, 1918. The cans were 
numbered III, IV and VII. 

Can III. The contents of this can were slightly bleached. This condition 
is similar to that observed by Duckwall in canned soured peas. A white 
sediment was present in the bottom of the can. The peas had a distinctly 
sour taste. A slight vacuum was present. The pH values of the juice were 
determined by the colorimetric method. 


Table 1—pH of Pea Liquor in Cans Studied. 


INorinsl Pease. cece co nn eam tue eae nn eae Sane 622 
B72 eT ON I en a a gw ea a AAC ite bag he 4.8 
CORT NE enti pe eae eae ten acols, imt sieeaole mentite tela. nc pr ne ee yee 
CDA OV MeL pate oo ncane MMi ere ear ns Pg NC ti a Ee Se sce 5.3 


Can IV. This can was normal in appearance, and showed a slight vacuum. 
Can VII was identical with Can IV in appearance and in the behaviour of 
the plates. 

All the cans used were treated in the following manner: The whole can 
was first washed in water, then the cover and neck were immersed, top side 
down, in 1-500 mercuric solution for five minutes; then a little aleohol was 
poured on the cover and burned. 

The three cans numbered III, IV and VII were opened, plated by the loop 
dilution method and incubated both aerobically and anaerobically at 20°, 
37° and 55° C. respectively. 

The anaerobic plates were made as follows: After the inoculated plate was 
poured and had hardened a second tube of melted pea agar was poured over 
the solid medium. When this hardened it was covered with a layer of melted 
paraffin, which had been previously heated until smoking hot, then cooled to 
about 60° C. 

Plates from the three cans gave the following results: 

Can IV. No colonies developed. 

Can VII. Same as IV. Cans IV and VII apparently were sterile. 

Can III. Plates contained acid colonies in twenty-four hours at 37° and 
55°, and in forty-eight hours at 20°. 


Isolations of acid-forming colonies were made in pea agar shakes. 


ie 37° aerobic—2 thin spreading colonies. 

II. 37° aerobic—2 colonies. 

III. 55° aerobic—3 colonies are coarsely granular, near margin and have 
a finely granular center which protrudes above the surface. 

IV. 55° aerobic—3 small, wrinkled, white colonies. 

V. 37° anaerobic—2 colonies—look like subsurface colonies of Bac- 
tervum lactis acidi. 

VI. 55° anaerobic—3 thin, concentrically ringed colonies. 

VII. 55° anaerobic—% thin, spreading colonies. 

VIII. 20° anaerobic—1 very transparent colony. 

IX. 20° aerobic—1 translucent, white colony. 

X. 20° aerobic—1 subsurface colony. 

XI. 20° aerobic—transparent white colony. 

XII. 20° aerobic—1 colony with crumpled white surface. 
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Triplicate cultures of each of the above described colonies were made in 
pea agar shakes and a tube of each organism was placed at 55°, 37°, and 20°. 
The growth was equally abundant at all three temperatures although slightly 
slower at 20°. 

Growth in the pea agar shakes was well distributed throughout the tubes 
in all cases. The medium throughout the whole tube became acid. In a 
few days a slight surface growth appeared. The growth in all the tubes 
looked very much alike. There was no gas formation. 

To make sure the cultures were pure the pea agar shakes were again plated 
out in pea agar, aerobically. After incubation for twenty-four hours at 37°, 
isolations were made in broth. 

Two general types of colonies were found which will be called A and B. 

Isolations from aerobic pea agar plates: 


A—Concentrically ringed colonies. 
B—Smooth, round colonies. 


The types were found on the plates as indicated in this list: 


I—A, B. VI—A, B. X—Too thick. 
II—A, B. VII—B. XI—A, B. 
ITI—A, B. VITI—A, B. XII—Pure, neither A, B. nor C. 
IV-V—sterile. IX—A, B. 


From the above organisms seven representative pure cultures were se- 
lected for study because time was too limited for a study of the whole group. 

These organisms all form a thick, viscous, wrinkled membrane on the 
surface of the broth. 

Three day broth cultures of these organisms were examined microscop- 
ically with the following results: 


I. A. Long parallel filaments. Shorter ones actively motile. 
I. B. Motile rods, single and in chains. Growth not thick. 
VI. AandB. Like IB. 
VII. B. Like IB. Occasional long filaments. 
Wi A. thiked Be 
elit. Amst eiker TB. 


Each of these organisms was inoculated into all the ordinary culture media. 
In the study of these organisms determinations were made as follows: 


1. Microscopic examination for vegetative cells on three day broth culture 
grown at 20°C. 

2. Spore examination on twenty-one day broth culture grown at 20°C. 

3. Aqueous-aleoholic and gram stains on three day broth culture grown 
at 20°. 

4. Thermal death point determination of twenty-one day broth culture 
grown at 20°C. 


All media used had the reaction of +1.5. 
All cultures except gelatin stabs were kept at room temperature. The 
gelatin stabs were kept at 15°C. 
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ORGANISMS ISOLATED 


Bacillus I A 
I. Morphology: 


1. Vegetative cells. 
Slender rods with rounded ends. Occur singly and in short 
chains. 
2. Endospores. 
Position—near one end. 
Form—oval. 
Spores were found in broth. 
3. Motility. 
Actively motile. 
4, Staining. 
Stains well with methylen blue. 
Gram negative. 


If. Cultural Characteristics: 


1. Agar Slant. 
Growth scanty, filiform, slightly raised, glistening, smooth, 
translucent, white, odorless, slimy. 
2. Gelatin stab: 
Growth best at top; beaded; liquefaction saccate, becoming 
stratiform, liquefied part clear. 
~ 3. Broth culture: 
Wrinkled, membranous surface growth, slimy; no clouding. 
4. Potato Culture: 
Abundant growth in form of “water blisters” or blebs. 
Slimy, slightly pink tinge. 
5. Litmus milk. 
Slmy, neutral, curded. Peptonization begins in six days. 


III. Physical and biochemical features: 


1. Temperature relations. 
Grows best within the temperature, range of 37°- 55°C, but also: 
grows well at 20°C. Killed at 110°C. for 10 minutes. 


Bacillus I B 
I. Morphology: 


1. Vegetative Cells: é 

Slender rods occurring singly and in filaments. 
2. Endospores: 

Position—near one end. 

Form—oval. 

Spores found in broth culture and agar slant. 
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3. Motility: 
Actively motile. 
4, Staining: 
Stains well with methylen blue. Gram negative. 


II. Cultural Characteristics: 


1. Agar slant: 

Growth scanty, filiform, raised, glistening, smooth, translucent, 

white, odorless, slimy. 

Gelatin stab. 

Growth best at top. Liquefaction saccate and stratiform. 
Broth Culture: 

White, wrinkled, slimy membrane over top of broth. 
Potato Culture: 

Transparent blebs, becoming opaque. Slimy, grayish-white. 
Litmus milk. 

Slimy, neutral curd. Much peptonization in six days. 


ue a ee noe 


III. Physical and biochemical features: 


1. Temperature relations: 
Optimum temperature range 37°-55°C. Grows well at 20°C. 
Killed by heating at 80° ten minutes. 


Bacillus IV A 


I. Morphology: 


1. Vegetative cells: 

Slender rods occurring singly and in chains. 
2. Endospores: 

Position—near one end. 


Form—oval. 
3. Motility: 
Motile. 
4. Staining: : 


Stains well with methylen blue. Gram negative. 


II. Cultural Characteristics: 


1. Agar stab: 
Growth abundant, filiform, raised, glistening, smooth, trans- 
lucent, creamy white, slimy. 
2. Gelatin stab: 
Growth best at top, beaded. Liquefaction—crateriform be- 
coming stratiform. Begins in 3 days. 
3. Broth Culture: 
Wrinkled, slimy, white membrane. 
4. Potato Culture: 
Growth abundant, beaded, raised, cretaceous, slimy. 
5. Litmus milk: 
Slimy, neutral, and slow peptonization, 
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III. Physical and Biochemical Features: 


ie 


Temperature relations: 
Optimum temperature 37°-55°C. Grows at 20°C. 


Bacillus VI B 


I. Morphology: 


ie 
as 


Vegetative cells: 
Rods occurring singly and in chains. : 
Endospores: 
Position—near one end. 
Form—oval. 
Motility: 
Actively motile. 
Staining: 
Stains well with methylen blue. Gram negative. 


II. Cultural Characteristics: 


ft. 
2. 
3. 


Agar slant: 

Growth scanty, filiform, flat, glistening, smooth, translucent. 
Gelatin stab: 

Growth best at top. Liquefaction—whole tube softened. 
Broth culture: 

Slimy membranous surface growth. 
Potato culture: 

Moderate growth in form of water blisters or blebs. Trans- 

parent at first, becoming opaque. Slimy. 

Litmus milk: 

Litmus reduced in four days. 


III. Physical and Biochemical Features: 


2 


Temperature relations: 
Optimum temperature range 37°-55°C. Grows well at 20°C. 
Killed by exposure at 90°C for ten minutes. 


Bacillus VII B 


I. Morphology: 


i; 
2. 


Vegetative cells. Rods single and in chains. Occasional long 
filaments. 
Endospores: 
Position—near end. 
Form—oval. ; 
Motility: 
Actively motile. 
Staining: 
Stains well with methylen blue. Gram negative. 
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If. Cultural Characteristics: 


1. Agar Slant: 
Growth abundant, filiform, flat, glistening, smooth, trans- 
lucent, slimy. 
2. Gelatin stab. 
Growth  plumose. Distinct — star-shaped colonies. No 
liquefaction. 
3. Broth Culture: 
Slimy membranous growth. 
4, Potato Culture: 
Abundant, spreading, glistening, smooth, white, slimy growth. 
5. Litmus milk: 
Slimy neutral curd. 
Slow peptonization. 


III. Physical and Biochemical Features: 


1. Temperature relations: 
Optimum temperature, 37°-55°C. Grows well at 20°C. 
Killed by exposure to a temperature of 100°C for 10 minutes. 


Bacillus VIII A 
I. Morphology: 


1. Vegetative cells: 
Slender rods occurring singly and in filaments. 
2. Endospores: 
Position—near one end. 
. Form—oval. 
3. Motility: 
Motile. 
4, Staining: 
Stains well with methylen blue. Gram negative. 


II. Cultural Characteristics: 


1. Agar slant: 
Growth moderate, filiform, raised, glistening, contoured, 
translucent, creamy, slimy. 
2. Gelatin stab: 
Growth best at top, beaded, liquefaction saccate, becoming 
stratiform, begins in three days. 
3. Broth culture: 
Wrinkled, white, slimy, membranous surface growth. 
4. Potato culture: 
Transparent slimy blebs becoming opaque in three days. 
5. Litmus milk: 
Slimy, rennet curd. Slow peptonization. 


III. Physical and Biochemical Features: 


1. Temperature relations: 
Optimum temperature range 37°-55°C, Grows well at 20°C. 
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Bacillus XI A 
I. Morphology: 7 


1. Vegetative cells: 
Slender rods occurring singly and in short filaments. 
2. Endospore: : 
Position—near end. 
Form—oval. 
3. Motility: 
Actively motile. 
4. Staining: 
Stains well with methylen blue. Gram negative. 


II. Cultural Characteristics: 


1. Agar Slant: 
Growth moderate, filiform, raised, glistening, smooth, opaque, 
white, slimy. 
2. Gelatin stab: 
Growth best at top. Liquefaction stratiform, iaenen part 
clouded. 
3. Broth culture: 
Slimy, white membrane on surface. 
4. Potato culture: 
Growth like water blisters; transparent becoming opaque. 
Faintly pink. 
5. Litmus milk: 
Slimy rennet curd. Rapid peptonization. 


III. Physical and Biochemical Features: 
1. Temperature relations: 
Optimum temperature range—37°-55°C. Grows well at 20°c. 


All the organisms were inoculated into tubes of peas covered with sterile 
paraffin oil and incubated at the three temperatures employed previously 
and the juice of each tested for its pH value with the following results: 


Table II.PH of Pea Liquor in Inoculated Tubes 


pH after pH after pH after 
Organism. 10 days 7 days 20 days 


at 557. at 20°. at 20°. 

hy: Sn RAR etl apa: de eee AR a IO OC CIE AES EE OG cob onto oie 6.0 5.8 5.8 
| RS) 3 na RT Sa oie ns oO SICA OAT OCR C HD EES? 5.8 5.8 5.8 
VI Are. coe e Roe PAA ore PEE 5 ale bs bin Meenas par bie eaa bBo n er iine 5.9 6.0 6.0 
VB ee cicciie sa a eretece Ce ees are orancips ian erlelnid's bic aiclecel be cieiciaie’s re siete elevates 5.9 5.7 5.6 
1 WO): See ge ergs es ney ae eo met tha Osc ICEL are norte 5.9 5.6 Sin 
WEA oot 5 ae Para ccc hoe ane cra deep ree ence been 6.0 6.0 6.0 
So vids aba 6 sheetaca eee P RNe eee eee CMe UR EM eras tir cicuie ee wate ecs.e 5.4 5.9 5.9 


In all but one case rise in acidity was as rapid or even more rapid at 20° 
than at 55°. This would indicate that a souring caused by these organisms 
would develop at room temperature as readily as at higher temperatures. 
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Starch agar was poured into sterile petri dishes and allowed to harden, 
Aerobic streaks of each organism were made and incubated at 37..°. Lhe 
solvent action of the organisms on starch was determined by the iodine 
reaction and recorded after twenty-four hours growth. 

Cultures I B, VIII A, VII B and XI A produces a zone of starch digestion 
from 2 to 8 mm, in width. These five cultures were all alkaline to C-R 
(China-blue-rosolic acid) in the starch agar. 

Anaerobic starch digestion was determined by making plates as above, 
then covering with melted agar and sterile paraffin. Starch digestion was 
determined as above after four days at 20°C. 

These same cultures grown under anaerobic conditions showed much mider 
areas of starch digestion. VI A and VIII A reacted distinetly acid to C-R. 
I A was pink to iodine showing the presence of erythrodextrin. VIB showed 
only very slight starch digestion anaerobically. 

Cultures IA, I B, VIB and VII B organisms were slected from the seven 
studied, for thermal death point determinations. The remaining three were 
eliminated because they seemed to be identical with one of the four selected, 
and also because lack of time prevented complete investigation. 

Twenty-one day broth cultures grown at 20° were used for thermal death 
point determinations. Duplicate tests were made of each organism in ten 
minute holding periods. 


Table I1I.—Thermal Death Point Determinations of Cultures Isolated 


After 48 hours incubation. After 72 hours incubation. 


70° | 80° | 90° | 100° | 110° | 120°} 70° | 80° |. 90° | 100° | 110° | 120° 


| i,t VSO MEAS cae ee RE air + ote ot i a ah ote aie an, plipeonco|jouce ac 
UL gc5 8 ot dopo dor ene ot in a3: si + 23 “I Eh = ar a =e ss =teiha| eigenen 
ipa aster estat Se: erticd acsaea’ sehen an te ai, S| avstpvece wil lamaiets ste [letarstersalteoteces = + + Sle | csshSAroel [eat otiehal (eoricece 
Hig bhaw aye oa AS xtayercicte Saas tales niece els « aria Peer o sr lel ete = a5 AF =P Hearecerste | lepsietasstell eters le 
WEES Se Don Ge stine Ere eamAEae Lael nectacea| estore letee ieee |Eutorts = StS Shalt, ar stave call evayalerans|| ussercrete | pete tate sil Bearer ates 
WALT Seiecaia's Ste ctslciacs ajc1ais scaeeps\s els ale “fe a RAGS ry eran = ae ae “fer eee Sean eiaiciall cesta ths 
SVAN ES BE pasa =f er rear av alchs les 4 a5 AF Eat lanes = t a 47 ae MORE oe Ieee 
VII B-2 = an Ti, |pecuewie| hey = ar BP aaccin| (ot hostl (soporte 


Cultures I A and VII B seem to be quite resistant to heat. I B resists a 
temperature of 90° for ten minutes. VI B is killed at a lower temperature of 
80°. In general, the thermal death point seems to be above 80° and below 
110°C. 

Sterile cans of string beans, lima beans, corn, peas, pumpkin, and tomatoes 
were inoculated with each of the four organisms used above in triplicate. 
One set was incubated at 20°, 37° and 55°C respectively. Uninoculated 
opened and unopened controls also were placed at 20° and 37°. Only un- 
opened controls were placed at 55°. 

The cans were inoculated during the latter part of March, 1920, and the 
observations taken in November of the same year on the 20° cans seem to 
indicate that the organism introduced into the can in quite a few cases could 
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cause not a flat sour but a swell. Some of the checks, however, both un- 
pened and opened, also swelled. 

There seemed to be more spoilage in the opened than in the unopened 
checks. Two explanations may be offered for this occurrence and it would 
be extremely difficult to prove which was right. Either organisms were intro- 
duced accidentally on opening the can through the drawing in of air when the 
vacuum is destroyed or the destruction of the vacuum allowed the entrance 
of air thus encouraging organisms already present and dormant which needed 
a certain amount of air for growth. This latter explanation is the more 
probable and covers the conditions in the 37° checks also. 

So far as the records show, there is more spoilage in the 37° cans than in 
the 20° cans, and what is more interesting, there is more spoilage in the 55° 
cans than in the 37° cans. This suggests either that the optimum for the 
organisms introduced lies nearer 55° than 37°, or that thermophilic bacteria 
(not the ones introduced as these are not true thermophiles) are hard to kill 
by the ordinary processing methods and that they remain dormant under 
ordinary methods of storage. 

The conclusions may be drawn at this time: First, that cans after processing 
should be cooled as rapidly as is consistent with the type of container, and 
then that the storage temperature be below 20° if possible. 

The 55° degree cans were opened in March, 1921, one year following inocu- 
lation, cultured and studied since these data were desired as an addition to 
the data on thermophiles already accumulated. Due to lack of time the 37° 
and 20° cans were not opened until August, 1922. 

All of the cans were treated as follows: the tops were washed with 1-500 
mercuric chloride, a hole large enough for inserting an inoculating needle was 
punctured in the top near the edge, the presence of gas being noted at the 
time; then two cultures were made, one a shake in plain dextrose agar under 
oil for high temperature cultivation, and the other a shake-slant in dextrose 
agar plus brom thymol blue for 37° incubation. The top was then removed 
and the color, appearance, odor, consistency and pH of the contents noted. 
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Table VII.—Records of Cultures From Inoculated Cans 


Cult. No. | Material in can. 65° shake plain. 37° shake-slant + BTB. 
TRAE ee Lima Beans....... Gas + in5hrs. No visible colonies even later. .} No growth. 
5 Aas String Beans...... No gas, no colonies visible.................+-- Mold and bacterial growth. (IA?) 2 
days. Acid reaction. 
TA ee Gorm) 255. 5-e ec No gas. A few very small colonies (IA?)...... No growth. x 
TEAC eee oe ROARS axeeaeerase Colonies (IA?) but no gas.................0-- 2 days, acid reaction, full of bacterial col- 
onies, molds +-+-. 
TACs ay Pumpkin... ¢.-5.% Gas + 5hrs. No visible colonies............. No growth. 
RAN aes Tomatoes......... CBM BONE Airs cians corese see's ete ia alate etait Vote 
Bee. cd Lima Beans....... ae ay 5 hrs. Full of small colonies 2 days | 2 days, many acid colonies. 
DBs 2 sen String Beans...... Gas-+5hrs. 2days. A few very small colonies.| 1 small colony on surface. 
JOB Nevae Cormac see en Gas ++ 12hrs. No visible colonies.......... No growth. 
WBia:i: Peng by Soares Wanigonac tee toe ck pete otto a itevae onsale ats ag 
MAB esses Pumpkin......... Gas + 12hrs. No visible colonies............ No gas. Growth doubtful. 
Be Tomatoes......... Gas + 5hrs,-++ 12hrs. No visible colonies...| 2 or 3 yellow colonies. Many molds. 
VIEB errs Lima Beaxzs....... Gas +-++ 5hrs. Only 2 visible colonies........ Molds only, acid. 
VRB sean String Beans...... Gas + 5hrs, ++ 12hrs. No visible colonies...| Molds only, acid. 
ViUBeAoe Conn) saves eae No gas or visible colonies...............-...-- No growth. 
WCB: see Pens. eich ere Gas + 2 days. No visible colonies............ No growth. 
WARB kee Pumpkin.......... INO SrOWENE foc rcieies gins oes are yyy Pee ieereaeretare No growth. 
VIB sce Tomatoes......... Gas +++ 5hrs. No visible colonies. A mold | Molds and acid bacterial colonies. 
colony on surface. 
VII Baie Lima Beans....... Gas + 5hrs. 2 days. Quite a few very small | Many acid colonies. 
colonies (VII B?). 
VB ene String Beans...... INoserowilet ieee cers aieiodenmieniee coe ate No growth. “fi 
VA yes oa Cori. seca Nojgas or growth. .)\.¢%:2c.0% . cs sls cae sioteisae asl No growth. 
WRB Ea Peasy a \eebciscmte Gas + 12 hrs. No visible colonies............ No growth. 
Vil Bee Pimipkink-. on). No gas but full of fine colonies (VIT B?)........| Many acid colonies. 
\AU Ss Aase Tomatoes......... Gas + 36 hrs. No visible colonies............ Many acid colonies. 
Check..... Lima Beans......! No gas or visible colonies.................-++- Full of very small acid colonies. 
Check..... Pease lias scisseters No gas or visible colonies................--..- No growth. 3 
Check..... IPumpkinte seers c Full of small colonies, gas in oil only........... No growth. 
Cheek ae. Tomatoes......... NON EGS oirwig chioteratice dhe hehiare 4 sive wnmees ainneee tele No growth. 
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If we consider a “flat sour” to be an apparently normal can, the contents 
of which have a hydrogen-ion concentration above 5.8* without the pro- 
production of any gas, or of only a very small quantity, it will be noticed 
from Table IV that no flat sours were developed in the cans incubated at 55°C. 

I B String Beans, having pH of 5.8 was a springer, therefore cannot be 
considered as a flat sour. Other imoculated cans in this set having a pH 
as high as 5.8 were either tight swell or apparently normal. 

In Table V we find that I A, Lima Beans; I A, Corn; I A, Peas; I A, Pump- 
kin; I B, String Beans; I B, Peas; I B, Tomatoes; VI B, String Beans; VI B, 
Corn; VII B, String Beans, and VII B, Tomatoes, all have a hydrogen-ion 
concentration of 5.8 or above, and all except tomatoes may be considered as 
being flat sours. The unopened tomato control has a pH of 5.6, therefore the. 
inoculated tomatoes mentioned above could not be considered flat sours. 

Organisms I A and VII B both apparently produced flat sours in corn, 
while I A and I B both apparently produced flat sours in peas, and VI B and 
VII B in string beans incubated at 37°C. 

From Table VI it will be noticed that all four organisms produced the 
greater number of flat sours at 20°C. By subsequent test thermophiles 
developed. 

It is quite evident from Table IV that nothing but thermophiles devel- 
oped in the cans incubated at 55°C. The cultures in many of these cans con- 
tained a thermophile resembling Str. B IC, an anerobic thermophilic organism 
isolated from string beans described in Part I, page 6. They showed gas and 
a few almost invisible colonies, producing minute gas bubbles and referred: 
to by Z. N. W. as “ghost”’ colonies. 

It is very doubtful whether any of the organisms developing in the cultures 
kept at 65°C were those placed in the 55° cans, since the incubating tem- 
perature employed was 10 degrees higher than the storage temperature of the 
cans. 

One of the writers (Z. N. W.) believes that the thermophiles developing in 
the cultures were already in the cans when incubated since no preliminary 
incubation of the cans was made. 
~ ¥j, €., pH reading below 5.8. 
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SUMMARY AND CONCLUSIONS 


1. Organisms resembling aerobic spore-forming soil organisms may cause 
flat sours when grown under anaerobic conditions, such as we have in 
canned goods. 

2. The organisms studied are more likely to produce flat sours at room 
temperatures than at 37° or 55°C. 

3. The organisms causing flat sours in the experiments cited are killed by 
exposure to a temperature of 110°C. for ten minutes. 

4. The entire contents of the original cans of peas did not reach a suf- 
ficiently high temperature or were not kept at 100° for a sufficiently long time 
to destroy the spores of the isolated organisms. 

5. The organisms under the conditions studied are favored by temperatures 
of 20° to 37°. Therefore flat sours may develop (1) when blanched products 
are allowed to stand, (2) when cans are not cooled quickly after processing, 
and (3) when storage temperature is too high. In both of the latter cases 
the assumption is that the product is not sterile. 

6. From a scientific standpoint it would be well to sterilize all canned 
goods, but from a practical standpoint this may not be advisable. All 
cans, however, should be cooled rapidly after being processed and stored at a 
low temperature. 

7. Thermophiles may cause flat sours if the temperature of the food 
products is sufficiently high for a long enough time to allow thermophiles to 
develop. The indications from these experiments are that this is not prob- 
able as the thermophiles encountered did not cause flat sours. 
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FOREWORD 


Bacteriology has made notable contributions to Dairy Science. Mar- 
ket milk production is influenced largely by practices dictated by bacter- 
iological research. Dairy manufactures, particularly in the field of but- 
ter and cheese making, are dependent on the results of bacteriological in- 
vestigations. Condensed milk of various types has received some atten- 
tion at the hands of the bacteriologist and fermented milk drinks have 
been studied rather extensively. Nearly all these investigations have 
been the result of the combined efforts of the research workers of all coun- 
tries having a dairy industry. Ice cream manufacture, however, has been 
neglected by the bacteriologist with the result that the literature on the 
subject is very limited and unsatisfactory and there are not available 
numerous or satisfactory data on which to base an understanding of the 
bacteriology of the many processes involved in the manufacture of this 
very important food. The fact that ice cream is not widely used outside 
of North America may account for the wide-spread neglect of this dairy 
product on tthe part of foreign bacteriologists. 

Mr. Fabian has already endeavored to perfect a score card* for ice 
cream plants and he has studied milk production and transportation from 
the standpoint of supplying the ice cream manufacturer. In this bulletin 
he undertakes to follow the raw materials of ice cream through all 
the processes of manufacture using the plate method to determine the 
changes in bacterial content. This work is only preliminary to a more 
detailed study now under way having in view the improvement in the 
technic for the studies and the elucidation of many points not made clear 
in this paper. 

WARD GILTNER. 


*A score card for city ice cream plants. Jour. Dairy Sci.,. Vol. III, No. 3., pp. 230-235, 1920. 
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INTRODUCTION 


The importance of ice cream as a food is daily increasing. The manu- 
facture of ice cream hias risen from a back-door and cellar industry to 
one of great importance.. From a preliminary statement from the Census 
Bureau of the United States Department of Commerce the following sta- 
tistics are available: From 3,476 establishments engaged mm the mianu- 
facture of ice cream in 1919 were reported products valued at $189,414,- 
000. This is compared with 1914 in which year 2,437 establishments re- 
ported products valued at $55,983,000. This represents an increase of 238 
per cent in value over a five year period. In Michigan between 1914 and 
1919, the ice cream industry shows a growth from 60 establishments man- 
ufacturing a product worth $1,803,000 in 1914, to 92 establishments 
whose product was valued at $5,302,000 in 1919, or an increase of 194 per 
cent in value over a five year period. 

It will thus be seen that the importance of ice cream as a food has in- 
creased considerably in the past five years. As the consumption of ice 
cream increases no doubt there will be more detailed studies miade of it 
from the chemical and bacteriological standpoint. The chemical compo- 
sition is fairly well defined in most states but there is a conspicuous lack 
of bacteriological standards at the present time. There seeras to be no 
well defined sanitary code ‘as in the case of milk and water. As our sani- 
tary knowledge of ice cream increases so that an intelligent standard will 
be possible, such a sanitary code will be forthcoming. One of the impor- 
tant things that a sanitary code will have to take into consideration is 
the influence of the manufacturing operations on the bacterial count. 

Such a study not only reveals the sanitary quality of the product, but 
also tells something of the methods employed in making the ice cream. 


PREVIOUS WORK 


Pennington and Walter (1) were among the first investigators to 
make a bacteriological study of each step in the process of manufacturing 
ice cream. Only one sample was analyzed, however, so that no definite 
conclusions were drawn. They reported that although the cream was 
pasteurized twice, once before it reached the city and again as soon as it 
was received, “nevertheless vegetative streptococci are found in the fin- 
ished process.” Continuing they say that, “the proportion of streptococci 
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as compared with other organisms in the finished ice cream is strikingly 
high.” 

Hammer (2) investigated the number of bacteria at various stages in 
the manufacture of ice cream and concluded “that it is possible to pro- 
duce ice cream in quantities, up to 20 gallons at least, with «a low bacter- 
ial count without expensive methods, though it is not certain that this is 
true under large factory conditions.” Hammer and Goss (3) studied the 
influence of freezing, hardening, and storage on the bacterial content of 
ice cream and concluded that, “there is no evidence that there is an in- 
crease in the numbers of contained organisms during the proper storage 
of ice cream while commionly there iis a decrease.” Their results were 
based. on ‘colonies developing on agar held at 37° C for 48 hours. They 
also say that, “there is an apparent increase in the number of bacteria as 
determined by the plate method during the freezing of ice cream.” Con 
cerning the process of hardening they found that, “there is usually a 
decrease in the number of bacteria in ice cream during the hardening 
process, presumiably ‘as a consequence of the destructive action of the 
lowered temperatures.” 

In a continuation of the study of bacteria in ice cream Hammer 
and Sanders (4) studied the influence of pasteurization and homiogeniz- 
ing upon the bacterial content of the ice cream mix and report as fol- 
lows: “The pasteurization of the mix reduced the bacterial content very 
satisfactorily. The method of pasteurizing anid homogenizing the mix 
should be considered as satisfactory for the production of ice cream with 
a low bacterial count.” 

Peterson and Tracy (15) made bacterial counts on two batches after 
the completion of each step in the manufacturing process to determine the 
relative importance of each step. Their results indicate “that after 
the mix is drawn from the pan the subsequent steps in the operation will 
result in the addition of only a very small number of bacteria if ordinary 
precautions are taken against recontamination. The increase after homo- 
genizing and freezing is probably due, for the most part, to the breaking 
up of the bacterial clusters, which results in a higher count by ‘the plate 
method.” : 

The influence of storage upon the bacterial content of ice cream has 
been studied by several workers. Stiles and Pennington (5), Gordon 
(6), Hammer (2), Esten and Mason (7) and Ellenberger (8) and others 
have worked upon this phase of the problem and covered it quite com- 
pletely. 


PRESENT WORK 


The present work is a study of the mfluence of the various manufac- 
turing operations upon the number of bacteria im vanilla ice cream made 
under factory conditions. The samples of the various batches were taken 
at random from the first of September to the first of July. The workers 
in the factory were not aware that any attempt was being made to check 
the sanitary quality of their work. As a matter of fact samples of ice 
cream were ttaken daily at this plant for fat determinations and bacterial 
counts, so that their suspicions never were ‘aroused so as to induce them 
to take any unusual sanitary precautions to produce ice cream of low 
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bacterial count. The authors believe that the work presented in this 
paper represents what can be expected in a samitary way from a com- 
mercial ice cream factory. This particular factory was chosen for this 
work because to our minds it represented jan average up-to-date factory. 
The output is not as great as that of the largest factories, nor is the out- 
put so small as to exclude piping and other necessary machinery, not 
usually found in small factories, but which may be a great source of 
bacterial contamination. The output averages about 6,000 gallons per 
day in summer and 2,000 gallons per day in winter. The machinery con- 
sists of five 80 quart, and one 40 quart Miller freezers; two 500 gallon 
Elyria glass-lined pasteurizers; one 400 gallon Manton-Gavlin homogen- 
izer; one 500 gallon Miller cooler; and four 1,000 gallon glass-lined Elyria 
holding vats. In addition ‘to the above equipment there are about 350 
feet of connecting piping. 

After each day’s run, the piping and machinery were first rinsed with 
cold water ‘and then with boiling water. Live steam wis then run through 
the piping. It was tthen taken down and scoured with a satisfactory com- 
mercial cleaning powder. When they were ready to use it the piping was 
reassembled and rinsed with hot waiter and ‘then treated with flowing 
steam. In this way it was possible to keep the contamination down to a 
minimum. 


PLAN OF WORK 


Thoroughly mixed samples of cream, condensed milk, and gelatin were 
taken from ‘the materials going into each batch and plated on agar. This 
was done to find out the bacterial content of the raw.product. The above 
constituents contribute the greatest number of bacteria: to ice cream as 
previous workers have shown. (Stiles and Pennington (5), Gordon (6) 
and Hammer (2).) The mix made from these materials was then prepared 
in the regular way and given amumber which is called the “batch” num- 
ber. Samples were again itaken of the mix just before pasteurization. 

The mix was then pasteurized at 65.6° C (150° F) for 30 minutes and 
samples taken and plated. The mix then passed through the homogenizer 
under pressure ranging from 2,500 to 3,000 pounds. Samples were taken 
again at the end of this operation. From the homogenizer the mix passed 
to the cooler where it was cooled to 10° C (50° F). Samples were taken 
before and after cooling. The mix then passed to the holding vat where 
it was held for 24 hours at 2° C (35.6° F) for aging. Samples were taken 
at the beginning and at the end of the aging period. From the holding 
vats the mix went to freezers and samples were taken just before it was 
frozen and ‘again as it was leaving the freezers in a semi-solid state. 

It was our original plan to follow the ice cream through at least four 
weeks of storage but this was abandoned after several of our sample con- 
tainers had been shipped out by mistake. However, considerable previous 
work by Stiles and Pennington (5), Gordon (6), Hammer (2), Esten 
and Mason (7) and Ellenberger (8) has covered this phase of the problem 
quite completely. The samples collected according to the above scheme 
were taken to the laboratory and plated immediately on plain agar anid 
incubated for 48 hours at 37° C. 

It will be seen that our plan of work starts with the raw materials 
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going into the mix and then follows the mix through each successive 
operation as it goes through the plant and ‘as it comes out a finished pro- 
duct, samples being taken before and after each operation and plated 
immediately to determine the influence of each particular operation on 
the bacterial content of the mix. In this way it was hoped to throw some 
light on the influence of each of the various operations on the number of 
bacteria as determined by the plate method. 


METHODS 


All samples were collected with sterile pipettes and plated immedi- 
ately. Samples of the mix up to the time it was frozen were easily col- 
lected and plated. After the mix was frozen a slightly different proced- 
ure was followed. The method used by Ayers and Johnson (9) with 
slight modifications was used for obtaining the number of bacteria in the 
ice cream after it had been frozen and placed in cans. The top of the 
can was rinsed with water, the cover removed and the top inch or so of 
ice cream taken off with a sterile spoon. A sterile butter trier was then 
pushed to the bottom of the can and the solid «ore placed in a sterile 
flask. Three cores from each can were taken in this way from different 
parts of the car and placed in the flask. The suiples of ice «ream col- 
iected from the freezers were caugnt in sterile wide-mouvhed bottles as at 
flowed from the freezer. A gallon or so was always allowed to run out 
before the sample was collected. 

The samples were then placed in a water bath at 40° C (104° F) fer 
15 minutes or until melted. After melting they were shaken 30 times to 
get rid of the air which is very abundant in frozen ice cream. In all cases 
suitable dilutions were made using 90 cc. and 99 ec. respectively, of sterile 
physiological salt solution. The nsion flasks were shaken 25 times and 
1 ce. was plated from each dilution desired. 

The agar used in plating way Standard nutrient agar miade according 
to the method recommended by the American Public Health Association 
(10). The pipettes used were standard bacteriological pipettes graduated 
to deliver a calibrated amount between two marks, thus avoiding any 
error due to blowing. All calculations are based upon cubic centimeters 
of ice cream and not on grams except for gelatin. In the case of gelatin, 
one gram was weighed on a sterile filter paper and the contents poured 
into 99 ¢. ¢. of sterile physiological salt solution. Suitable dilutions 
were made from this and bacteria calculated per gram. All plates were 
made in duplicate and incubated at 37° C for 48 hours. The counts rep- 
resent an average of the two plates containing from 30 to 300 colonies or 
those coming the nearest to 300. Determinations were made only on 
vanilla ice cream. oi 


THE RAW PRODUCTS 


ve 
i 


The raw products that went into the mix were analyzed for the num- 
ber of bacteria per ¢. ‘¢. or gram in the case of gelatin. 
The data are presented in Table 1. 
16 
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Table I.—Bacterial Colonies per c. c. of Raw Products. (No Other Colonies Except Bact.). 


A B Condensed 
Batch No. Cream. Cream. Milk. Gelatin.* 
7 free tape Ae ATER hs AIR Ro ET CaN costo Oeste oarke 50,006 1,800,000 8 ,000 2,000,000 
VL ASS SATE UAE BST OA hen ety otha etn eater aie 5,980,000 300 , 000 250,000 2,000,000 
Daa haton Ge tage evens ayetava eae eaete ora ah tance tate o roa 5,040,000 800 , 000 220,000 2,000,000 
OL FT RAE EE aA ROR RE ee CRO Rei 460 ,000 300 ,000 86,000 2,600,000 
PATRAS teat ra eae ren een ae Crane Ogee UPR SS TE AT DF SOOMOOO | Peusen ca eee 1,300,000 1,970,000 
DOA a Ce Sig Rete hae reece yet ie en nates ta 210,000 500 , 000 2,300 ,0C0 1,970,000 
Teas eter Sieh arate Ie OIE eee olobigeroe 10,000 1,300,000 7,500,000 1,970,000 
CLT ReeG ME AST Rte el race lt tain fie Ae ee ene ied ce PTO LOOOME cosmo ate 20,000 1,970,000 
oO Giistes Slee recbde eae AIO. AS Be cE e hee ne 300,000 2,100,000 220,000 1,120,000 
A aay shave Wha cane ve mere OMNT MIC GE hoeehete ete ioe 30,000 8,000,000 300 , 600 1,120,000 
LY GRRE A ey are a NT Pec FP Set Mas TE cn 6; COCO OCUR tse en 50,000 1,120,000 
PANO EE ae e eae aees RM ye ecm CM Gc dae geile od 280,000 2,000,000 130,000 1,120,000 
EO FS eee 2 a ee eae ree a SMa dS ge RE RAL Ne Lacan Mottoadace My 3,780,000 650 , 000 220,000 1,120,000 
DPA eiitiess Gog Mee ADA eee AI eS eae ck eet a We CR Le 640 ,000 530 ,000 400 ,000 1,120,000 
CPPS Ee SCs EOS Tat 6 A cma gene Nate AMR SS gee Ye 750,000 1,260,000 380,000 1,120,000 
ODA: SAPS Tk Aap ne Pein oak NOS ae eh oe SERS Sha Fait rapa 2,260,000 270,000 190 ,000 850 ,000 
PA ain) SARS RPS Te Ss i eR Ney Snag UT a Eh ee 170,000 2,500 , 000 120,000 850,000 
OPE te A ee REE Sey Re ATOM OLA Hee ae 4,200,060 1,630,000 50,000 850 ,000 
bt ee, Cae nt ee oe NL VE nag ob R Els Pay EL 5 220,000 880,000 1,000 ,000 850 ,000 
Side I Wants ep aiapiy mete lan eye Pisa Arne rey SA Gal eet AE RGR eS Ne 3,850,000 200 ,000 30 ,000 850,000 
1 HE ie ries earth co RE cr set a ee CEMA ea ape getn Fs 3,100,000 20,000 30,000 850,000 
Diets an tiita petals GES cl eNe te Nene haus coc EN 5 Sa IoINS RAO 930 ,C0O 260,000 350 ,000 850,000 
a REN BA caE Pe RN Bic aca aes oy Gace aes TREN Wet ee G 3,500,000 2,600,000 30 ,000 850 ,000 
Ae REN NUE cha Leal ett anata fe eae te Pee ial 7,500,000 250,000 30,000 850,000 
15 eR Pe Ran SP ey Sends Pork Netanya 2,900,000 250,000 130,000 2,900,000 
DAT EUR er eT Sel aceite ener is ere frets cache 140,006 50,000 90,000 2,900,000 
TRE, aN Ree ee, AMA Ry At eke Bea Shain Earn Mie dict 100,000 1,250,000 70,000 2,900 ,000 
a PSS EE) 52s SRO ROME REN Es he a 50,000 200 , 000 20 , 000 2,900,000 
pai ral oe Oe ec sh REL ter Oc Ur eT A Dea 350,000 200,000 20,000 2,900,000 
iO Rie We tea Ane Meer Coa Nee Aeon Rea ace 50, 00C 2,000,000 140 , 000 2,900,000 ° 
1 aye eae eae se oe De el hy ks aay OER A 150,000 50,000 10,000 2,900,000 
IP -ERCaRtE SY RES Aai a eee toll de emit ae rup a5 130,000 50,0C0 1,250,000 2,900,000 
Rete oy Sates al Gisneee tlanenettaie teitvele are ac ela tate te ie rs 220,000 10,000 1,250,000 2,860,000 
1 A eat eh EEA AERTS ACER CSR NS A a ane 460,000 220,000 1,250,000 2,800,000 
a Re EA is aes Crary airy Ab Ce ean ok SDR RE ee 13,000 70,000 10,000 2,800,000 
Rego pe ear -elin aan Acta 2 A PPESN Nocti ey ORR AS wel 4,400,000 13,000 60,000 2,800,000 
1 WE AN hy Se Vie aoe > EA ler eee ey eS UN 300 , 000 140,000 210,000 2,800,000 
DS Eee a SAE ARAN PRE, SOUS RNa Me NS: 390 , 000 310,000 240 ,000 2,800,000 
1 ATI ont aah ies a rn eM ES rN ati 650,000 60,000 240 ,000 2,800,000 
0 Se anecne Sal te ara iS iey Aine erat ene NARA 50,000 430,000 1,900,000 4,000,000 
PaaS Seas Or ocnaa et oh CIE RAM atl eo 230,000 50,000 1,9C0,000 4,000,000 
AP A RIS A SUS Aah PN dite meron get Ne hee ane OI 70,000 280,000 1,900 ,0C0 4,000,000 
2 ee is oh eA raat py ara et Aan Sg Aes wea Se Be 50 ,0C0 150,000 170,G00 4,000,060 
12 SS Sea vk A a Ae ae (ee be aon Bie eth ESE aa 20,000 100 ,000 220,000 4,000,000 
b IPT Me REA EE ree i CPE VE RCS CET ane ene sais 750,000 160,000 1,100,000 4,000,000 
1 Ge GN DE CPUS ner ra eee rn Pa es 1,000 ,000 300 , 000 1,100,000 4,000,000 
ET evack nee erate tele ore Ean arti batons Gn Ie ets 3,780,060 430 , 006 50,000 4,0C0,000 


LOB ieee shalethenieeteleci oe Gee ea eae ayaa 1,950,000 430 , 00C 30,600 4,000 ,000 


*Counts on gelatin were made only when a new lot was used and are based on number per gram. 


The cream used in this plant was pasteurized cream. The company 
bought it from two different sources in order to obtain a sufficient supply. 
This explains the two columns for cream in Table I. The butter fat 
ranged from 20 per cent to 45 per cent. The cream was usually used 
from one (to four days after pasteurization. The bacterial count varied 
from 10,000 to 8,000,000 per cubic centimeter with an average of 1,100,000 
per cubic centimeter. 

The condensed milk used was also of two kinds. The whole condensed 
milk contained about 8 per cent butter fat and 30 per cent ‘total solids. 
The condensed skim milk contained about 27 per cent total solids. 
The bacterial count ranged from. 8,000 to 7,500,000 bacteria per cubic 
centimeter with ‘am average of 600,000 per cubic centimeter. 

Gelatin was bought in large quantities and each lot was very constant 
in the number of bacteria present. For this reason samples were col- 
lected from each shipment and thoroughly mixed and a bacterial count 
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made. This count was used until a new shipment was received. Enough 
gelatin was ordered each time to last from four to eight weeks. The bac- 
terial count ranged from 850,000 to 4,000,000 per cubic centimeter with an 
average of 2,500,000 per cubic centimeter. The gelatin was added just 
before pasteurization in the powdered form. 


THE INFLUENCE OF PASTEURIZATION UPON THE BACTERIAL CONTENT OF 
THE ICE CREAM MIX 


The next step in the manufacturing process is the mixing of the raw 
products and standardization of the mix. The mix is then pasteurized. 
The raw prodcts as was shown in Table I contained large numbers of 
bacteria. When the products were mixed together they still contained 
large numbers as is shown in Table II. Pasteurization as carried out at 
this factory was at 65.6° C (150° F) for 30 minutes. The type of pas- 
teurizer used was a 500 gallon glass-lined Elyria type. 

' The data showing the influence of pasteurization of the mix on the 
bacterial content are presented in Table II. The percentage decreases in 
the number of bacteria due to pasteurization varied from 94.5 per cent 
to 99.9 per cent. The average per cent decrease being 98.97. The above 
data should leave no doubt in the mind of any one as to tthe value of pas- 
teurization as a means of reducing the number of bacteria in the ice 
cream mix. 
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Table II.—Bacterial Content of Mix Before and After Pasteurization 


Bacterial Bacterial 
count of count of 
mix before mix after Per cent 
Batch No. pasteurization. | pasteurization. decrease. 
No. of No. of 
bacteria. bacteria. 
200 ,00C 3,500 98.3 
1,800,000 2,000 99.9 
1,206,000 8,000 99.3 
1,300,000 45,000 96.5 
1,500 ,000 50,000 98.7 
5,200,000 22,000 99.6 
950,000 25,000 97.4 
300 , 000 10,060 96.7 
1,350,000 21,000 98.4 
1,25C ,000 15,000 98.8 
2,506 ,000 11,006 99.6 
1,610,000 4,000 99.7 
1,090,000 2,500 99.8 
1,196,000 4,000 99.7 
150,000 1,000 99.3 
100,000 i 5,500 94.5 
1,300,000 12,000 99.1 
70d TR NE Re TORT GREED noe CC ORO One Ome 4,500,000 9,000 99.8 
DAD. PEA Spe ie ieahehes Laat acon te kate en Ee eae ct Mens 3,300 ,C00 8,500 99.7 
NIN GREP ec STRAIN Ty Oe ee RIT ¢ Cacionce Me ere oe 340 , 060 1,500 99.6 
| UE ae lea ire Ras 74 SPER AIAECioeg- Vachs our Sep tae come 1,790,000 2,000 99.9 
Qe vee Bebé, pee eh de OL RS CID ERLE abla vee Glaiee Lames 960 , 000 2,000 99.8 
5: YR REM fee ORR SSA ER EOS ly DL NAY Es tliat 2 OOO), QOD aseirroes ca. co See eo satellistlbde te einiet Oh eaee eS 
Bis A SEE. Bas ccs eochottonete tare aeitel eta eed a a ehh wee ate 1,250,600 2,000 99.8 
EN 5! So ctenalehc cas Mea nee cLasth he Renate nga dee deo ickaded tae Pate aie shee 470,000 2,000 99.6 
Gees a dre eee ee eh ne ee Pe ee ince SE ate oth cee 300 ,000 2,000 99.3 
Wivsto in Save < yaar who fear eRGU note GED 8 ke aN eas tae Soci earl a 820,000 3,000 99.6 
PS) ecavasé wuatlen ee avateher diebe Pathcese aiehame eMeuePay emitter wie coke aiens aan 60,000 1,006 98.3 
Qe ae Site DiPere tata y AEM Ate RATE eRe DUO eas eee rere 240,000 1,000 99.5 
TG, Rattan er eats ain ere ie alincts Gee a Noa teen ec rae eS 180,600 1,500 99.2 
WDC .4) oie ehoya bia Oe ete een hate eas RIS BURL here erer ete Crane 50,000 500 99.0 
ED iid wrk. Che Cid whet orbs teehee tele aoeletene Tate omy cseue tote eters 680 ,000 2,100 99.7 
a Fs Ree ie Sone Sans i A AC Cite aOR ro CrIG oboe 150,000 200 99.9 
WAL cis care Siapelolle Dosdeue tere ale tonsie iy etame tat dae ecient ete etre 480 ,000 2,500 99.5 
Da CS ln Ses ae ee tice ane theo ENe Ee Uitte Gea ieke: aie aie 200,000 400 99.8 
BG eles sok atte sie ar nga SUR orem ares Rib Toha Ko fates eee Oe oaeuates tote ene 210,000 400 99.8 
11 SPRY CR Rail Cher art RO is OCT CTE ES 420,000 200 99.9 
a eee) ee ea ty SRR hy one er itn ee mere Lan at eed GOO COO aca ctexe sc custece tated | euee, oer operon webete 
BD rs ara Seafobe) Gye rahid SOT Raa oie lo otras Ga one Ret oe omer inet 250,000 1,100 99.6 
DZ Oe ssckras.8 aoe alin ater MeL Ho enter Saran Marcon ater ae dadeevete cr otabete nesrets te 5060 ,000 500 99.9 
LD ardiare sb chau of ateletoltabbale. the, chishenetans ene ieke ge catace Relea tela ata 280,000 4,100 98.5 
WA aie wre o Aier oho meio ohare area ray ene Gitucke ne kecee Po en Ee eee 570,000 2,200 99.6 
UDB ieistecs. a's els pie Conte resus wings, Merten ere ena se laoreet tas 150,000 1,100 99.3 
Te oe TER th OE Uae cae Reto speed ameter Ean aE Eee Nero 650,000 1,600 99.7 
1a eee Ar pr tt Seeee Ee Aik Gry Girt ict CA ON tars 370,000 500 99.9 
DED Gis sicg.einar Sra cou's seated OROMBe eva olens iohsna Pee ge BAe a ts te ones dees 650 , 000 18,100 97.2 
ZT. oc, Biel Sis 01, jal see IGTOUGAG eo 4b) aya date topapenolene re ere ihe ieee 1,760,000 200 99.9 
1D: aera RCRA ES Gio, Fe EN SUC Sue RG acter Chen Ghee 1,200,000 700 99.9 


THE INFLUENCE OF HOMOGENIZING UPON THE BACTERIAL CONTENT OF 
THE ICE CREAM MIX 


After the mix had been pasteurized at 65.6° C (150° F) for 30 minutes 
it was immediately started for the homogenizer where it was homogen- 
ized under from 2,500 to 3,000 pounds pressure. The temperature of the 
mix as it passed through the homogenizer was slightly less (between 60° 
and 65° C.) than that at which it was pasteurized. The results are given 
in Table III. 

An analysis of Table III shows thatt in 74.0 per cent of the cases there 
Was an increase in the number of bacterial colonies ranging from 1,400 
per cent to 5.9 per cent after the pasteurized mix had passed through the 
homogenizer. This increase may be due to two causes. The first cause 
may be contamination from the homogenizer. Hammer and Sanders (4) 
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or 


Table III.—Bacterial Content of the Mix Before and After Homogenizing 


Bacterial 
count of Bacterial 
mix after count after Per cent Per cent 
Batch No. pasteurizing homogenizing increase. decrease. 
and before and before 
homogenizing. cooling. 
3,500 14,000 SOOO haienspspensberekele rene 
2,000 2,000 No change 
8,000 10,000 25.0 
45,000 
50,000 
22,000 
25,000 
10,000 
21,000 
15,000 
11,000 
4,000 
2,5C0 
4,000 
1,000 
5,560 
12,000 
9,000 
8,500 
1,500 
2,000 
2,000 
2,000 
2,000 : 
2,000 30,000 TAG ORO! | ererattydiacsieeuekserets 
3,000 3,000 INowehanger alan se ae cove 
1,000 1,000 INGIGHANSED Matis oe eee 
1,000 3,C00 BOOS OS ichoretetebstenatarietere 
1,500 2,000 Do oii henadereee resthave tek eRe 
500 1,500 Q0OB OU eekese las onne oontere 
2,100 2,700 ZEE Giller ceen nays Meret 
200 300 SOLON eachreecte venom tonerene 
2,500 2,500 INotchanee: Sita er cee ee 
40C 800 NOOSE OD 2242 Bares erick: 
400 750 SSA Wal | eae Cs ey ote aes by.5 
200 2,200 TS OOORO: |i cisoscee a Rone 
1,100 1,250 PSG) eae adic eee 
500 500 INGichanre vulies sos) oeeenee 
4,100 4,700 VA Ge heise pace nee ee 
2,206 OOO. caste veniaen kes 9.09 
1,100 2,000 SULA Salt us \iouete ee ueracen 
1,600 2,500 SOR ule seta eae ene 
500 700 AO OS pate etctcerct oe te aloe 
18,100 DHOOM |e oniat sro Sees epe 86.188 
200 450 25S OU reste aters wkeweeters 
700 1,400 POORMO ee wetdyemuvecteneee 


have shown that the homogenizer may be a source of contamination espe- 
cially for the first material passing through. They ran the ice cream 
mix through the homogenizer both with and without pressure and found 
that without pressure there was an increase in all cases. They concluded 
that the increase was due to contamination from the homogenizer because 
in all cases the figures obtained were on the first material passing through 
the homogenizer. As the process was continued the presumption was 
that the contamination would become less due to the washing effect. 

The second @ause of an increase in the bacterial count may be the 
breaking up of clumps of bacteria as the mix ipaisses through the homo- 
genizer under ‘pressure. The increase in this case would be an apparent 
rather ithan a real increase and should be taken into consideration in 
formuiating a bacterial standard for ice cream. 

The increases noted in Table III are presumably due to the second 
cause because the samples were obtained in a majority of the cases in the 
middle of the forenoon or shortly after noon to allow sufficient time to 
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analyze. The machinery had been in operation for some ‘time so that the 
contamination from the machine itself would be lessened. 

In 10.8 per cent of the samples ‘there was a decrease and in 15.2 per 
cent no change in ‘the number of bacteria while in 74 per cent there was 
an increase. The reason for so many samples showing an increase may 
also be due to the high pressure at which homogeninzing is done at this 
plant. The pressure generally used is about 2,000 pounds. 


THE INFLUENCE OF COOLING THE ICE CREAM MIX UPON THE BACTERIAL 
CONTENT 


After the mix had passed through the homogenizer (at about 60° ©, 
140° F) it was immediately pumped to the cooler where it was cooled to 
10° © (50° F). A study was made of the influence of cooling the mix 
from 60° C to 10° C on the bacterial content. The data are presented in 
Table IV. Sas 


Table IV.—Showing Bacterial Counts Before and After Cooling of Mix 


Bacterial Bacterial 
count of count of Per cent Per cent 
Batch No. mix before mix after increase. decrease. 
: cooling. . cooling. 

71 Oe ae tata ek 2 ABLES Es ee 2 14,000 ¢ TSKOOO MN rece sey peer 7.14 
DP NNAE AS SBI RC SL oN: tet op ani Soe Ai Th F, 2,000 2,500 25 Oa See eee ee 
Dae Se Re EE Oo. Ped sic Aine ROR OIE 10,060 12,000 ZO MOA Ua so Seek cee eee 
Dav LeU S si eoeer nen rekane ese pekabole 60,000 60 , 000 ING changers!) 02 eee 
Oot he teal ete ae e as tore Oo > 63 ,000' 65,000 bs Pa Mw peer lc 
D1 ye POE pee WE Se tas ity CVS PORK 20 , 000: 20,000 INotchangee, cilities ea hae eee 
Dh itnk Givi wees 3 A Sea ta a 25,000 25,000 No change 20.00 
Sas OR NH Paseo tA nN RSC 22,000 33,000 SO O8 Sse sae ae ee 
SY Gane Ie RIAA 3. Ol co Lote pera araeec © 48 ,000 ADI O10) led be eS esis ite theese 58.33 
Lf: RG OD 2 ile aa at) Pie Benin okey Soe arr aed 42,000 AOR OOS rece odu.ctistesee ces i 4.76 
SOE Brat, Hie NAG enctoep eee eee fetta 19,000 35,000 ; B4521 Ss cae a ee 
PAK; fi: Np ee ee ty A, Re yA sf es 7,000 13,000 fate Pel felt Rates Ce eau y 
hi [io ye ee Ae NE eS RR OR OCR mE”, 6,000 7,000 1. G/iGG: 4 SA rare sais ey ene 
22S S Fal pale oe Roe eae 4,00C 7,000 KOON < oA Sere eres 
PAN LIES PRES EE) 2 ot RENE ERANED Ril ey! 3 2,0C0 4,000 ; 08 0 (0d Pee se ee, 
DS RNa yea aa el RG ete eal ote Re 7,000 7,500 1 fad ie: OR erp a ere | 
DIGI: a2. skd Sis d Reni BLE 10,000 10,000 INq@ change a|'-< 4 kn hea ee 
PAY «AR eee RET, Aare ORAS TTS FF 15,000 20 ,CC0 OAD. chaie W Tee yee eee 
D1!) A ne A cel ae te ea cy 9,000 TELL Uo Ra ies op pease taco Sere 8 a lees bie 
DS DE Onc 2 Cae ait Ee Cages ce ep Ne epee 2,000 4,006 LOO LOO see tensors ee 
1 RELA AIR ins See See one oie 7,000 7,000 NOchaneer | ot a eee ae 

Dire 5 Ghetteteas that ahese-apuee chiar mete aate 3,000 COO cae oko 33.30 

LO NR MOT SEPT a Pes oo, WAC RET 4,000 Dr OOC | rea wiccteder tte Bee 100.00 

Ty ROAR ear hoy Ferare since | caobemten Acer 1,000 1,000 Notchange™ |S. je: ene 

Giana. eis aes Oe reer re 306,000 2 ROOO AA arctica ae 60.00 

CR Rete Ott A hens Dri Seay 3, 00C 5,000 664603 ao eee ae 

See beatak et es Aa ee 1,00C¢ 1,000 No charge > "||F 2) oe nea 

OR ig cee ane ME aoknie ein: 3,000 PROOO! Wd sc repwencn ea wewer 3oy00 
GE REE Rs A SEE ee i AOE 2,000 2,000 INO: Chiantee’? 0)" Sony cerned 
Dea eee al Beh occn = sadcu ges Crevche echoes emer 1,5@0 7,500 AQO  OOA ee yet ee 
We Wotan a oss oiude tt. Cities he cae we hie: eae 2,700 DAOOO GN ca koctatie ceaasecet 7.41 
AES ee Ne tid Clee aio Oreo lon Ge 300 300 Noehanrenii|5 ctrl ennint 
WA Ses cea kan Sos bl are aed. ees eet 2,500 2,80C DD OO ate ees hee 
MPA [ESI Stele et eRe INRIA. ee 800 900 BZ SOF aya. ae eee eee 
TL Gee 5 oe Spee a ce aR De a eg 750 15} 0) Ch eee ee ee Oe 33.00 
eZee auS toa ies feos tae eee ate 2,200 2,400 09 eras ee eee uae 
GRIEG faiesb2. fi pieveye a 2 oo teertaes eee 1,250 1,300 Ay OO. aS ene wine 
TAU iE ee aE Re Stas oe ae 500 700 AD SU OMS el enna Behe eade 
LDR ORG AS cox. Fe ayes «a lGhave B Ot Tee 4,700 LS DOGA Akan nctetee sss 68.08 
UD DANO ERE RERE CRS hres oe o savas pet ereeneme banks 2,000 2,4C0 20) DO wi 2- <5 taal een heen 
DBA Meee one aiiavarce: a 5,obeve leeevevehateanss 2,000 2,100 DIDO" |e rete ceo teardenpene 
TN AIR ee er ee Ne ows wee ah Wis Oo OR 2,500 2 BOOM evo ekeare eee Clee 8.00 
125 Aretereee Nelsen thoes sia. Gea) otet em 700 700 INO*ChAMEEs +4 \r eps n5 ie shen toe 
LD Gere e er tats cis iccs fc Chee he suas 2,500 3,500 40200 RSA eie sce Pee 
UA GRAS Nod ccd ot SOL ROL ORE PO KOE ES 450 5CO 1 i Gs [3 Ge DRA tae eS 
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The object of studying the influence of cooling upon the number of 
bacteria was to determine what influence a change from a high tempera- 
ture 60° C (140° F) to a lower temperature 10° C (50° F) would have 
upon the number of bacteria in the mix. It is a well known fact that all 
dairy products must be cooled to temperatures below nofmal so as to 
keep bacterial activity at a minimum. Aside from this.what are the 
advantages of cooling? Does cooling per se kill bacteria? 

In 52.17 per cent of the samples there was an-increase in the number 
of bacteria after cooling. The increase was from 3.17 per cent to as high 
as 400.00 per cent with an average of 51.45 per cent. In 26.08 per 
cent of the samples there was a decrease ranging from 4.76 per cent 
to as high as 100.00 per cent with an average of 27.29 per cent while 
21.75 per cent of the samples showed no change. 

These data would indicate that the process of cooling the mix from a 
high temperature to a lower one does not necessarily reduce the number 
of bacteria as determined by the plate method. Abundant data, Road- 
house (13), Marshall (11), Reed and Reynolds (12), are available, how- . 
ever, to show that cooling is necessary to reduce bacterial activity to a 
minimum. 


THE INFLUENCE OF AGING ON TH’ BACTERIAL CONTENT OF THE ICE CREAM 
’ MIX 


After the ice cream mix had been cooled to 10° C (50° F) it was run 
into the holding tanks where it was ‘held for 24 hours at about 2° C 
(35.6° F) for aging. The variation in the temperature was slight, not 
over 2° or 3° C. 

~ Aging, as every ice cream maker knows, is a very desirable step in the 
process of miaking ice cream since it influences the viscosity and this in 
turn, as Mortensen (14) has shown, influences ithe body and the yield of 
the finished product. It is, therefore, interesting to study the influence 
of aging upon the number of bacteria in the mix. The influence of this 
process on the bacterial count is shown in Table V. 

Eighteen or 47.36 per cent of the samples in Table V showed an in- 
crease ranging from 4.35 per cent to as high as 409.09 per cent with an 
average increase of 103.00 percent. The average increase would indicate 
that the multiplication was considerable, especially since only three sam- 
ples show low increases within the limits of experimental error. In 42.10 
per cent of the cases there was a decrease in bacterial ‘count ranging 
from 4.54 per cent to as high as 81.81 per cent with an average decrease 
of 26.98 per cent while 10.52 per cent of the samples showed no change. 

The temperature at which the aging was done, 2° C (35.6° F), would 
have ia tendency to keep-down the number of certain bacteria as it is a 
well known fact that many bacteria found in ice cream grow best only at 
higher temperatures. If these particular bacteria predominated in the 
mix, we would expect to have a decrease or ait best mo increase during 
the period of aging. That there was no increase would indicate that 
these bacteria were either dormant or slowly dying. On the other hand 
those samples in which there was an increase would indicate that there 
were present certain types that were capable of multiplying at low tem- 
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Table V.—Showing Bacterial Count of Mix Before and After Aging 
Bacterial Bacterial 
count of count of Per cent Per cent 
Batch No. mix before mix after increase. decrease. 
aging. aging. 
ON Sconite chs Catone OE Geo. 55 Abe 7,000 Sg OOO 8 ree aes: whee tua 2 28.57 
2M OG Oo AO SUMED OD Oo Had Sdo)aic 30,000 34,000 LS S3-| cays orttersrersi: ee 
BB ieee accltajel sip i obalsttts, stoves siatehaiard eRe oe 65,000 3p) OOO te rons seen ade 46.15 
pe Wc nto aa OaBICa AA Seen .S To 63 ,000 60 0008 erate cena 4.76 
Pos A ENE 4 hopes et hy setulae See orig Se 80,000 SOFOOD | Seitorstate nels note 37.50 
US GHEE TORU Aah) tao e ean nae 25,000 ZO) OOO 7 eit (eeteeay et eee 20.00 
PLR BORA Sy AND OIE Oho 110,000 ZOTDOOT oe «pee ols care eit 81.81 
DO Cpa OCC IO Gee SoG Sat ODE 35,000 S2R00O0R iss oreuyioe er 8.57 
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peratures. That the bacteria were not dying at a very rapid rate is 


‘evidenced by the fact that the average percentage decrease was low (26.98 


‘per cent.) 


Pennington and Walter (12), in a study of commercial ice 


cream, found that 80 per cent of the samples studied contained strepto- 
cocci which actually showed a greater relative rate of growth at the tem- 
perature of the refrigerator (12° C) than at higher temperatures. In ad- 
dition to the above group there are, according to Marshall (9), certain 
species especially some of the spore-bearing non-acid formers which will 
grow quite rapidly at temperatures below 10° C. These are especially 
undesirable species, in that they are capable of splitting proteins with 
the production of bitter and astringent flavors and of producing poison- 


ous split protein by-products. 
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“THE INFLUENCE OF FREEZING ON THE BACTERIAL CONTENT OF THE ICE 
CREAM MIX 


After the ice cream mix has aged 24 hours it was ‘then frozen in 80 
quart Miller freezers. The temperature of the brine at which the mix is 
frozen ranges from —15.5° © (4° F) to —12.2° C (10° F) with an average 
of —14° C (7° F). The samples were collected just as the material was 
leaving the freezers. The influence of this process is given in Table VI. 


Table VI.—Showing Bacterial Count Before and After Freezing 


Bacterial Bacterial 
count of count of Per cent Per cent 
Batch No. mix before mix after increase. decrease. 
freezing. freezing. 
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DD fa ertides tiara Sotefet estes m dioayeid a Sl atoke 34,000 34,000 No change 
ab of ee ee EOS Shes Mia's eee Oa 35,000 35,000 No change 
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I 


The results in Table VI show that in 46.34 per cent of the samples 
there was an increase ranging from 0.95 per cent to 260.00 per cent with 
an average increase of 46.47 per cent. In 36.58 per cent of the samples 
there was a decrease ranging from 3.85 per cent to 59.68 per cent with an 
average of 25.95 per cent decrease while in 17.07 per cent of the samples 
there was no change. The increase in the number of colonies is no doubt 
due largely to the breaking up of clumps of bacteria. Many clumps which 
ordinarily would produce one colony are presumably broken up into sey- 
eral clumps or single cells each of which may produce a colony. The in- 
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crease as a result of freezing, aside from that due to the contamination 
from the freezer, which probably is practically negligible after the first 
few batches, is more apparent than real. In the case of homogenizing 
there is a greater increase (74 per cent) in bacteria as determined by the 
plate count which no doubt is due to the mechanical process, as in the case 
of freezing; but with the higher temperature of the former process there 
should be considered the rather remote possibility of bacteria multiplying: 
even in'so short a time. In the process of freezing, however, ‘the tempera- 
tures to which the ice cream mix is subjected (7° F) would exclude the 
possibility of any great increase in the actual number of bacteria. In fact 
the opposite should be true. This would account for the decrease noted in 
36.58 per cent of the samples. In other words if the mix as it entered the 
freezer contained few or no clumps then instead of expecting an increase 
due to their breaking wp, there should be a decrease due to the unfavor- 
able temperature of the freezer. 

It will be noted that in no case was the decrease very great, and the 
average is low as compared with the average of the increase. This is 
about what would be expected because the change of temperature from 
aging (35° F) to freezing (7° F) is not very great, being about (28° F). 
The apparent increase on the other hand would depend quite largely on 
the size and number of clumps present and these in turn would depend 
to a certain extent upon the previous treatment of the mix, such as length 
of time it has aged, pressure used in homogenizing, whether pasteurized 
or not and if so at what temperatures. 


THE INFLUENCE OF STORAGE ON THE BACTERIAL CONTENT OF ICE CREAM 


After the ice cream mix had been frozen it was put in five-gallon cans 
and stored in the refrigerator at an average of —20.5° C (—5° F). The 
temperature varies not more than 5° F from this average. In the morning 
before work it reaches as low as —10° F but during the day while many 
are using the refrigerator it rises to as high as 0° F. The results of 
storage on the bacterial count are shown in Table VII. 

In Table VII are tabulated the results of storing ice cream over vari- 
ous periods. A count was taken of the ice cream when it was first put 
into the sterile can. It was the original plan to take samples at the end 
of one day, one week, two, three, and four weeks. It was found impracti- 
cable to carry this out so the data are not as complete as they should be. 
The results show that for the first day’s storage there is a decrease in the 
majority of cases. In eight out of twelve samples, or in 66.66 per cent 
of the cases, there is a decrease; and in three out of twelve, or in twenty- 
five per cent of the cases, there is an increase; while in one case there is 
no change. The decrease in counts ranged from 72.22 per cent to 9.09 per 
cent, with an average of 41.89 per cent. The increase in counts ranged 
from 2.94 to 125 per cent, with an average of 48.81 per cent. At the end 
of one week 6 out of 7 samples, or 85.71 per cent of the samples, showed 
a decrease ranging from 9.09 per cent to 33.33 per cent, with an average 
of 23.90 per cent decrease, and one sample showed no ‘change over the one 
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day period, but a decrease over the initial number. At the end of two 
weeks 4 out of 6 samples showed a decrease over the one week period while 
2 showed an increase over the one week period but a decrease over the one 
tee period. Only two samples were analyzed at the end of the three 
reek period. One showed an increase over the two week period but a 
decrease over the initial count while the other showed a decrease over 
both the two week period and the initial count. 

The general conclusions that one is forced to draw from the data pre- 
sented in Table VII are to the effect that the numbers of bacteria decrease 
during the storage of ice cream. There may be fluctuations in individual 
samples during ‘the process of storage, but the number of bacteria 
in the end is “less than at the beginning. Hammer (2) made deter- 
minations on twelve samples that had been held from periods rang- 
ing from 10 to 44 days and reached this conclusion: “From these 
results it seems safe to conclude that during the period of storage of ice 
cream there is no increase in the number of bacteria capable of “develop- 
ing on agar.” Esten and Mason (7) held several samples of ice cream 
for about a month and concluded that there is no marked increase or 
decrease in the number of bacteria. Ellenberger (8) who went into this 
matter quite extensively reached the following conclusion: “There is no 
radical change in the total number of bacteria in ice cream during stor- 
age. There seems, however, to be a tendency towards a slight decrease 
during the first two ito four days, with a more noticeable increase and a 
corresponding decrease again between the fourth and twenty-first day, 
after which time there is a very gradual falling off in numbers.” 


GENERAL DISCUSSION OF RESULTS 


As was stated in the beginning our plan was to start with the mix and 
trace it through each process in the factory until it came out the finished 
product. The results of the influence of each process on the bacterial 
count are shown in Tables VIIIa, VIIIb and VIIIc. The data on the 
bacterial counts of the mix were divided into three parts. Those data 
tabulated in Table VIIIa represent the bacterial counts of those batches 
whose bacterial count is below 500,000 bacteria per ¢.c. In Table VIIIb 
are tabulated batches whose bacterial counts are between 500,000 and 
999,999 and in Table VIIIe batches whose bacterial counts are over 1,000,- 
000 per ¢.c. 

The counts were then averaged and the averages plotted in the 
form cf a graph. The number of bacteria per ¢.c. are represented as 
ordinates, while the abscissae represent the manufacturing operations. 
The straight line curve represents the results from Table VIIIa, the 
broken line curve the results from Table VILib, and the dotted line curve 
the results of Table VITle. 

A study of this graph shows some very interesting things. It is inter- 
esting to note that all three take the same general direction. The broken 
line graph is very irregular. This is due to the fact that few samples 
fell in this class so that the averages are erratic, which in turn make 
the graph irregular. The other two lines, however, show ‘the same general 
trend upward. The course that these graphs take indicates that each 
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Column G of Tables VIIIa, VIIIb, and VIIIc represents the finished 
product, the bacteria per ¢.c. as the mix had been frozen and was flowing 
away from the freezer. By referring to Column G it will be noted that 
the highest number of bacteria per c.c. is 106,000 and the lowest is 2,500 
per c.c. This justifies the conclusion that an ice cream of low bacterial 
content can be made in a sanitary plant from raw materials of high germ 
content when resort is made to pasteurization and other sanitary meas- 
ures. 


CONCLUSIONS 


1. This work confirms the conclusions of other investigators that,— 
Cream, condensed milk and gelatin, the principal raw products going 
into the ice cream mix, contain many bacteria. 

2. Pasteurizing the ice cream mix at 65.6° C (150° F) for 30 min- 
utes lowers the plate count, from 94.5 per cent to 99.9 per cent, with 
an average efficiency of 98.97 per cent as determined by the plate method’ 
described. 

3. Homogenizing the ice cream increases the number of bacteria as. 
determined by the plate method. The increase may be apparent rather 
than real. No attempt was made to determine whether it was apparent: 
or real. 

4. Cooling from approximately 60° C. to 10° C. is not effective im 
killing all the bacteria since a slight majority of the samples showed an: 
increase. 

5. Aging at 2° C for 24 hours has a tendency to increase the plate 
count as a majority of samples shows. 

6. Freezing with the brine at an average of —14° C. has a tendency 
to increase the number of bacteria in ice cream. The recorded increase 
may be apparent rather than real. 

7. Storage of ice cream at an average of —20.5° C from one day to 
three weeks decreases the plate count in the majority of cases. There 
may be variations in individual samples. 

8. After the mix is pasteurized every subseque=t operation has the 
general tendency to increase the plate count. 

9. It is possible to make vanilla ice cream on a commercial scale with: 
a low plate count. 
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